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1. 

DISPLACEMENT AMOUNT MONITORING 
ELECTRODESTRUCTURE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a national phase application of Interna 
tional Application No. PCT/JP2011/068.177, filed Aug. 9, 
2011, the content of which is incorporated herein by refer 
CCC. 

TECHNICAL FIELD 

The present invention is related to a displacement amount 
monitoring electrode structure, and particularly to a displace 
ment amount monitoring electrode structure in which a fixed 
electrode that is fixed to a substrate and a movable electrode 
that can be displaced in a predetermined axis direction paral 
lel to the Substrate, are disposed facing each other Such that 
their respective electrode fingers are meshed together, for 
monitoring the displacement amount of the detection mass to 
be driven at a target amplitude based on the change amount of 
the capacitance between the fixed electrode and the movable 
electrode. 

BACKGROUND ART 

Conventionally, there is known a displacement amount 
monitoring electrode structure constituting an angular speed 
sensor, for monitoring the displacement amount of a detec 
tion mass to drive and oscillate the detection mass at a con 
stant target amplitude (see, for example, Patent Document 1). 
The displacement amount monitoring electrode includes a 
comb-teeth like fixed electrode and a comb-teeth like mov 
able electrode. The fixed electrode includes a base part and 
electrode fingers, which are extending from the base part in a 
predetermined axis direction parallel to the Substrate, and 
which are fixed to the substrate. The movable electrode 
includes a base part and electrode fingers, which are extend 
ing from the base part in a predetermined axis direction par 
allel to the substrate, and which can be displaced with respect 
to the substrate in a predetermined axis direction. In this 
displacement amount monitoring electrode, when the mov 
able electrode is displaced with respect to the substrate in a 
predetermined axis direction, the capacitance between the 
fixed electrode and the movable electrode changes. In this 
case, the change amount of the capacitance corresponds to the 
displacement amount of the movable electrode. Based on this 
change amount of the capacitance, the displacement amount 
(amplitude) of the detection mass is monitored, and the detec 
tion mass is controlled so as to be driven at a target amplitude. 

Patent Document 1 Japanese Laid-open Patent Publica 
tion No. 2008-170455 

SUMMARY OF INVENTION 

Problem to be Solved by Invention 

Incidentally, the change amount in the capacitance 
between the fixed electrode and the movable electrode gen 
erally changes linearly according to the amplitude of the 
detection mass; however, the change amount does not only 
change according to the amplitude of the detection mass, but 
also changes according to the gap and the facing area between 
the fixed electrode and the movable electrode. Specifically, 
when the gap or the facing area changes due to stress changes 
and size variations, the sensitivity (slope) of the change 
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2 
amount of the capacitance with respect to the displacement 
amount of the movable electrode changes, according to the 
aforementioned change. In this case, in a structure where the 
change amount of the capacitance is set in a range where the 
change amount of the capacitance constantly changes linearly 
at a constant slope with respect to the displacement amount of 
the movable electrode, in the process where the detection 
mass is driven at a target amplitude, the following situation 
arises. That is, when the gap and the facing area between the 
fixed electrode and the movable electrode do not match 
desired values due to applied stress, temperature variations, 
and size variations when assembling the monitoring elec 
trode, when the change amount of the capacitance reaches the 
target capacitance change amount, the displacement amount 
of the movable electrode does not match the target displace 
ment amount. Specifically, when the amplitude amount of the 
detection mass changes, for example, in a range of it.20% 
using the target amplitude as the standard, due to the above 
mentioned variations in the gap and the facing area, the sen 
sitivity in the change amount of the capacitance with respect 
to the displacement amount of the movable electrode also 
changes by the same range of +20%. Therefore, in the above 
structure, it is difficult to maintain the amplitude of the detec 
tion mass at a constant target amplitude. 
The present invention has been made in view of the above 

points, and it is an object to provide a displacement amount 
monitoring electrode structure by which the amplitude of the 
detection mass can be maintained at a constant target ampli 
tude, even if the relative relationship between the fixed elec 
trode and the movable electrode changes. 

Means to Solve the Problem 

The above objective is achieved by a displacement amount 
monitoring electrodestructure including a fixed electrode and 
a movable electrode each having a comb-teeth shape includ 
ing a base part and electrode fingers extending from the base 
part in a predetermined axis direction parallel to a Substrate, 
the fixed electrode and the movable electrode facing each 
other such that the electrode fingers of the fixed electrode and 
the electrode fingers of the movable electrode are meshed 
together, the fixed electrode being fixed to the substrate and 
the movable electrode being able to be displaced in the pre 
determined axis direction, wherein the displacement amount 
monitoring electrode structure monitors a displacement 
amount of a detection mass to be driven at a target amplitude 
based on a change amount of a capacitance between the fixed 
electrode and the movable electrode, wherein a change sen 
sitivity of the change amount of the capacitance with respect 
to a displacement amount of the movable electrode in the 
predetermined axis direction, has a characteristic of increas 
ing after the displacement of the movable electrode in the 
predetermined axis direction reaches a target displacement 
amount corresponding to the target amplitude, compared to 
before the displacement of the movable electrode reaches the 
target displacement amount. 

Effects of the Invention 

According to the present invention, the amplitude of the 
detection mass can be maintained at a constant target ampli 
tude even when the relative relationship between a fixed elec 
trode and a movable electrode changes. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 illustrates a configuration of a sensor using a struc 
ture of a displacement amount monitoring electrode accord 
ing to a first embodiment of the present invention; 
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FIG.2 is a top view of the displacement amount monitoring 
electrode according to the first embodiment of the present 
invention; 

FIG. 3 is a cross-sectional view of the displacement 
amount monitoring electrode according to the first embodi 
ment of the present invention; 

FIG. 4 is a cross-sectional view of the displacement 
amount monitoring electrode in the case where deformation 
has occurred due to stress changes; 

FIG. 5 illustrates the relationship between the drive dis 
placement amount X of the movable electrode that changes 
according to size variations in the displacement amount 
monitoring electrode, and a capacitance change amount AC 
between the fixed electrode and the movable electrode: 

FIG. 6 illustrates the relationship between the drive dis 
placement amount X of the movable electrode and the capaci 
tance change amount AC between the fixed electrode and the 
movable electrode, in the displacement amount monitoring 
electrode according to the first embodiment of the present 
invention; 

FIG. 7 illustrates the operation procedures of the displace 
ment amount monitoring electrode according to the first 
embodiment of the present invention; 

FIG. 8A is a top view of a displacement amount monitoring 
electrode according to a modification example of the first 
embodiment of the present invention; 

FIG. 8B is a cross-sectional view cut along III-III of the 
displacement amount monitoring electrode illustrated in FIG. 
8A: 
FIG.9A is a top view of a displacement amount monitoring 

electrode according to a modification example of the first 
embodiment of the present invention; 
FIG.9B is a cross-sectional view cut along IV-IV of the 

displacement amount monitoring electrode illustrated in FIG. 
9A; 

FIG. 10 is a top view of a displacement amount monitoring 
electrode according to a second embodiment of the present 
invention; 

FIG. 11 illustrates operation procedures in the displace 
ment amount monitoring electrode according to the second 
embodiment of the present invention; 

FIG. 12 is a top view of a displacement amount monitoring 
electrode according to a modification example of the second 
embodiment of the present invention; 

FIG. 13 is a top view of a displacement amount monitoring 
electrode according to a modification example of the second 
embodiment of the present invention; 

FIG. 14 is a top view of a displacement amount monitoring 
electrode according to a modification example of the second 
embodiment of the present invention; 

FIG. 15 is for describing the effects of the displacement 
amount monitoring electrode according to the second 
embodiment of the present invention and the modification 
examples thereof; 

FIG. 16 is a perspective view of a displacement amount 
monitoring electrode according to a third embodiment of the 
present invention; 

FIG. 17 illustrates operation procedures in the displace 
ment amount monitoring electrode according to the third 
embodiment of the present invention; 

FIG. 18A is a perspective view of a displacement amount 
monitoring electrode according to a modification example of 
the third embodiment of the present invention; 

FIG. 18B is a top view of the displacement amount moni 
toring electrode illustrated in FIG. 18A: 

FIG. 18C is a side view of the displacement amount moni 
toring electrode illustrated in FIG. 18A: 
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4 
FIG. 19A is a perspective view of a displacement amount 

monitoring electrode according to a modification example of 
the third embodiment of the present invention; 

FIG. 19B is a top view of the displacement amount moni 
toring electrode illustrated in FIG. 19 A; 

FIG. 19C is a side view of the displacement amount moni 
toring electrode illustrated in FIG. 19 A; 

FIG. 20A is a perspective view of a displacement amount 
monitoring electrode according to a modification example of 
the third embodiment of the present invention; 
FIG.20B is a top view of the displacement amount moni 

toring electrode illustrated in FIG. 20A: 
FIG.20C is a side view of the displacement amount moni 

toring electrode illustrated in FIG. 20A: 
FIG. 21 is for describing the effects of the displacement 

amount monitoring electrode according to the third embodi 
ment of the present invention and the modification examples 
thereof; 
FIG.22A is a top view of a displacement amount monitor 

ing electrode according to a fourth embodiment of the present 
invention; 

FIG. 22B is a cross-sectional view cut along V-V of the 
displacement amount monitoring electrode illustrated in FIG. 
22A; 

FIG.23 illustrates the operation procedures of the displace 
ment amount monitoring electrode according to the fourth 
embodiment of the present invention; 

FIG. 24 is a top view of a displacement amount monitoring 
electrode according to a modification example of the fourth 
embodiment of the present invention; 

FIG.25 is a top view of a displacement amount monitoring 
electrode according to a modification example of the fourth 
embodiment of the present invention; 

FIG. 26 is a top view of a displacement amount monitoring 
electrode according to a modification example of the fourth 
embodiment of the present invention; and 

FIG. 27 is for describing the effects of the displacement 
amount monitoring electrode according to modification 
examples of the fourth embodiment of the present invention. 

MODE FOR CARRYING OUT THE INVENTION 

In the following, a specific embodiment of a displacement 
amount monitoring electrode structure according to the 
present invention is described, with reference to drawings. 
First Embodiment 

FIG. 1 illustrates a configuration of a sensor 12 using a 
structure of a displacement amount monitoring electrode 10 
according to a first embodiment of the present invention. The 
sensor 12 according to the present embodiment is an angular 
speed sensor installed in a vehicle, for example, for detecting 
the angular speed occurring around a Z-axis perpendicular to 
an X-Y plane. The sensor 12 is formed on a semiconductor 
Substrate 14 made of for example, silicon, and is formed by 
performing etching on the Surface of the semiconductor Sub 
strate 14 by minute processing. 
The sensor 12 includes a pair of structure bodies 16, 18 

being equal in mass, driving electrodes 20-1, 20-2, 22-1, 22-2 
for exciting/driving the structure bodies 16, 18 in an X-axis 
direction on the semiconductor Substrate 14, detection elec 
trodes 24-1, 24-2, 26-1, 26-2 for detecting the oscillation 
(amplitude) in the Y-axis direction occurring in the structure 
bodies 16, 18 on the semiconductor substrate 14, and dis 
placement amount monitoring electrodes 28-1, 28-2, 30-1, 
30-2 for monitoring the drive displacement amount in the 
X-axis direction of the structure bodies 16, 18 on the semi 
conductor substrate 14. The structure bodies 16, 18 are dis 
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posed at mutually symmetrical positions on the semiconduc 
tor substrate 14 in a state where the structure bodies 16, 18 are 
lifted at a predetermined distance from the surface of the 
semiconductor Substrate 14 forming an insulating layer. In the 
following, the displacement amount monitoring electrodes 
28-1, 28-2, 30-1, 30-2 are referred to as the “displacement 
amount monitoring electrodes' 10 when referred to collec 
tively. 

The driving electrodes 20-1, 20-2, 22-1, 22-2 and the 
detection electrodes 24-1, 24-2, 26-1, 26-2 are each consti 
tuted by a fixed electrode fixed to the semiconductor substrate 
14 and a movable electrode movable in an X-axis direction or 
aY-axis direction with respect to the semiconductor substrate 
14. These fixed electrodes are connected to a signal process 
ing circuit via a pad. Furthermore, these movable electrodes 
constitute a part of the structure bodies 16, 18. 
The driving electrodes 20-1, 20-2, 22-1, 22-2 are elec 

trodes respectively for driving the structure bodies 16, 18 in 
the X-axis direction with respect to the semiconductor sub 
strate 14, by activating an electrostatic attractive force 
between the fixed electrode and the movable electrode by 
applying a driving Voltage to the fixed electrode. Further 
more, the detection electrodes 24-1, 24-2, 26-1, 26-2 are 
respectively electrodes for detecting the oscillation of the 
structure bodies 16, 18 in the Y-axis direction with respect to 
the semiconductor Substrate 14, by detecting the change in the 
capacitance between the fixed electrode and the movable 
electrode caused by the displacement of the structure bodies 
16, 18 in the Y-axis direction. 

Specifically, in each of the driving electrodes 20-1, 20-2, 
22-1, 22-2, a driving voltage, which has substantially the 
same frequency as the resonance frequency of the structure 
bodies 16, 18, is applied to the fixed electrode from the signal 
processing circuit via a pad, so that an electrostatic attractive 
force is activated between the fixed electrode and the movable 
electrode, and a driving force is generated for exciting the 
structure bodies 16, 18 at a constant amplitude in the X-axis 
direction at a frequency Substantially equal to the resonance 
frequency of the structure bodies 16, 18. Note that the driving 
electrode 20-1 and the driving electrode 20-2 generate a driv 
ing force by the same phase and the driving electrode 22-1 
and the driving electrode 22-2 generate a driving force by the 
same phase, while the driving electrodes 20-1, 20-2 and the 
driving electrodes 22-1, 22-2 generate a driving force by 
opposite phases. 

Furthermore, in each of the detection electrodes 24-1, 24-2, 
26-1, 26-2, a change in the capacitance occurs between the 
fixed electrode and the movable electrode, according to a 
displacement in the oscillation applied to the structure bodies 
16, 18 in the Y-axis direction with respect to the semiconduc 
tor substrate 14. Note that the change in the capacitance in the 
detection electrodes 24-1, 24-2 and the change in the capaci 
tance in the detection electrodes 26-1, 26-2 are of opposite 
phases. The change in the capacitance of the detection elec 
trodes 24-1, 24-2, 26-1, 26-2 is substantially zero when the 
oscillation displacement amount of the structure bodies 16, 
18 in the Y-axis direction is zero, and increases as the oscil 
lation displacement amount of the structure bodies 16, 18 in 
the Y-axis direction increases. The fixed electrode of each of 
the detection electrodes 24-1, 24-2, 26-1, 26-2 outputs, to the 
signal processing circuit, the change amount of the capaci 
tance between the fixed electrode and the movable electrode, 
as a displacement detection signal. The signal processing 
circuit processes the displacement detection signal from each 
of the detection electrodes 24-1, 24-2, 26-1, 26-2 to detect the 
oscillation displacement amount of the structure bodies 16, 
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6 
18 in the Y-axis direction, and detect the angular speed gen 
erated around the Z-axis based on the oscillation displace 
ment amount. 

Next, a description is given of the operation of the sensor 
12 according to the present embodiment. 
When detecting the angular speed around the Z-axis that is 

orthogonal to both the X-axis and the Y-axis, in the sensor 12, 
the driving electrodes 20-1, 20-2, 22-1, 22-2 are excited. 
Specifically, a driving Voltage having a frequency that is 
Substantially equal to the resonance frequency of the structure 
bodies 16, 18, is applied to the fixed electrode of the driving 
electrodes 20-1, 20-2,22-1, 22-2. When this driving voltage is 
applied, in each of the driving electrodes 20-1, 20-2, 22-1, 
22-2, a driving force for exciting the structure bodies 16, 18 in 
the X-axis direction is generated between the fixed electrode 
and the movable electrode, so that the structure bodies 16, 18 
are excited by opposite phases at a constant amplitude in the 
X-axis direction by a frequency Substantially equal to the 
resonance frequency. 

In a case where an angular speed around the Z-axis is not 
generated in a state where the structure bodies 16, 18 are 
excited in the X-axis direction as described above, a Coriolis 
force is not activated at the structure bodies 16, 18. In this 
case, the detection electrodes 24-1, 24-2, 26-1, 26-2 are not 
oscillated/displaced in the Y-axis direction, and a change of 
the capacitance does not occur between the fixed electrode 
and the movable electrode of the detection electrodes 24-1, 
24-2, 26-1, 26-2, and therefore the displacement detection 
signal output from the detection electrodes 24-1, 24-2, 26-1, 
26-2 becomes a signal expressing that the amplitude of the 
structure bodies 16, 18 in the Y-axis direction is substantially 
ZeO. 

Meanwhile, when an angular speed around the Z-axis is 
generated in a state where the structure bodies 16, 18 are 
excited in the X-axis direction as described above, a Coriolis 
force is activated at the structure bodies 16, 18. In this case, 
the detection electrodes 24-1, 24-2, 26-1, 26-2 are oscillated/ 
displaced in the Y-axis direction according to the activation of 
the Coriolis force, and a change in the capacitance occurs 
between the fixed electrode and the movable electrode of the 
detection electrodes 24-1, 24-2, 26-1, 26-2. When such a 
change in the capacitance occurs, the displacement detection 
signal output from the detection electrodes 24-1, 24-2, 26-1, 
26-2 becomes a signal expressing the extent of the angular 
speed of the amplitude generated at the structure bodies 16, 
18 in the Y-axis direction. When a Coriolis force is activated, 
the structure bodies 16, 18 are oscillated/displaced in oppo 
site phases with each other with respect to the Y-axis direc 
tion. Therefore, with the sensor 12, the angular speed occur 
ring at the target around the Z-axis can be detected. 

FIG. 2 is a top view of the displacement amount monitoring 
electrode 10 according to the present embodiment. Further 
more, FIG. 3 is a cross-sectional view of the displacement 
amount monitoring electrode 10 according to the present 
embodiment. 
The displacement amount monitoring electrodes 10 as the 

displacement amount monitoring electrodes 28-1, 28-2, 30-1, 
30-2 are each constituted by a fixed electrode 32 fixed to the 
semiconductor substrate 14 and a movable electrode 34 mov 
able in the X-axis direction with respect to the semiconductor 
substrate 14. The fixed electrode 32 is connected to the signal 
processing circuit via a pad. Furthermore, the movable elec 
trode 34 constitutes part of the structure bodies 16, 18. The 
displacement amount monitoring electrode 10 is an electrode 
for detecting the change in the capacitance between the fixed 
electrode 32 and the movable electrode 34 caused by the 
displacement of the structure bodies 16, 18 in the X-axis 
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direction, to monitor the drive displacement amount (ampli 
tude) of the structure bodies 16, 18 in the X-axis direction 
with respect to the semiconductor substrate 14. 

The fixed electrode 32 is formed to have a comb-teeth 
shape, and includes a base part 40 provided to have a rela 
tively wide width, and electrode fingers 42 extending from the 
base part 40 in a stick-shape in an X-axis direction parallel to 
the semiconductor substrate 14. The base part 40 is formed to 
have a square cross-sectional shape, and is extending in a 
Y-axis direction parallel to the semiconductor substrate 14. 
Furthermore, there are a plurality of electrode fingers 42 
arranged in a Y-axis direction parallel to each other, with 
respect to a single base part 40. The electrode fingers 42 
include a long electrode finger 42-1 having a relatively long 
length in the X-axis direction, a short electrode finger 42-2 
having a relatively short length in the X-axis direction, and a 
T-shaped electrode finger 42-3 having a relatively long length 
in the X-axis direction and whose leading end spreads out in 
the shape of wings in the Y-axis direction. 

Each of the long electrode finger 42-1 and the short elec 
trode finger 42-2 of the electrode fingers 42 is formed to have 
a square cross-sectional shape and has the same cross-sec 
tional area from the connection part with the base part 40 to 
the leading end (the same width in the Y-axis direction and the 
same thickness in the Z-axis direction). Furthermore, the 
T-shaped electrode finger 42-3 is formed to have a square 
cross-sectional shape and has the same cross-sectional area 
from the connection part with the base part 40 to a part near 
the leading end (the same width in the Y-axis direction and the 
same thickness in the Z-axis direction). The T-shaped elec 
trode finger 42-3 has a leading end part 44 extending in the 
Y-axis direction. On both ends in the Y-axis direction of the 
leading end part 44 of the T-shaped electrode finger 42-3, 
protrusion parts 46, 48 are provided, which extend in an 
X-axis direction parallel to the semiconductor substrate 14 
from the leading end part 44 toward the base part 40 side. That 
is to say, the leading end part 44 is formed to have a U-shape 
as viewed from the top. The protrusion parts 46, 48 have the 
same cross-sectional area from the connection part with the 
leading end part 44 to the leading end (the same width in the 
Y-axis direction and the same thickness in the Z-axis direc 
tion), and have the same cross-sectional area as that of the 
short electrode finger 42-2 described above. 
The electrode fingers 42 are formed as a pattern in which 

one long electrode finger 42-1, two short electrode fingers 
42-2, and one T-shaped electrode finger 42-3 constitute one 
set. Specifically, as illustrated in FIG. 2, the long electrode 
finger 42-1, the short electrode finger 42-2, the T-shaped 
electrode finger 42-3, and the short electrode finger 42-2 are 
provided in the stated order in the Y-axis direction, and this 
configuration is repeated in the Y-axis direction. The elec 
trode fingers 42 have a bilaterally symmetric configuration in 
which one of each of the short electrode finger 42-2 and the 
long electrode finger 42-1 are disposed in the stated order on 
either side of one T-shaped electrode finger 42-3. 

In the electrode fingers 42, a predetermined gap is formed 
in the Y-axis direction between the long electrode finger 42-1 
and the short electrode finger 42-2. Furthermore, a predeter 
mined gap is formed in the Y-axis direction between the short 
electrode finger 42-2 and the T-shaped electrode finger 42-3. 
Note that the gap between the long electrode finger 42-1 and 
the short electrode finger 42-2, and the predetermined gap in 
the Y-axis direction between the short electrode finger 42-2 
and the T-shaped electrode finger 42-3 may be different. 
Furthermore, the positions in the Y-axis direction of the pro 
trusion parts 46, 48 of the leading end part 44 of the T-shaped 
electrode finger 42-3 are the same as the positions in the 
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Y-axis direction of the short electrode fingers 42-2. That is to 
say, the protrusion parts 46, 48 are disposed to be spaced apart 
by a predetermined distance in the X-axis direction from the 
short electrode fingers 42-2. Between the protrusion parts 46, 
48 and the short electrode fingers 42-2, there is a predeter 
mined gap formed in the X-axis direction. The protrusion 
parts 46, 48 and the short electrode fingers 42-2 constitute 
electrode fingers having cutouts which are holes formed by 
the predetermined gaps. 

Meanwhile, the movable electrode 34 is formed to have a 
comb-teeth shape, and includes a base part 50 provided to 
have a relatively wide width, and electrode fingers 52 extend 
ing from the base part 50 in a stick-shape in an X-axis direc 
tion parallel to the semiconductor substrate 14. The base part 
50 is formed to have a square cross-sectional shape, and is 
extending in a Y-axis direction parallel to the semiconductor 
substrate 14. Furthermore, each of the electrode fingers 52 is 
formed to have a square cross-sectional shape and has the 
same cross-sectional area from the connection part with the 
base part 50 to the leading end (the same width in the Y-axis 
direction and the same thickness in the Z-axis direction). 
There are a plurality of electrode fingers 52 arranged in the 
Y-axis direction parallel to each other, with respect to a single 
base part 50. 
The fixed electrode 32 and the movable electrode 34 are 

disposed such that the base parts 40, 50 face each other in the 
X-axis direction and the electrode fingers 42, 52 face each 
other and are meshed together in the Y-axis direction. Spe 
cifically, the electrode fingers 52 of the movable electrode 34 
are disposed so as to enter the center position in the Y-axis 
direction between the long electrode finger 42-1 and the short 
electrode finger 42-2 among the electrode fingers 42 of the 
fixed electrode 32. A predetermined gap d0 is formed in the 
Y-axis direction, between the electrode finger 52 of the mov 
able electrode 34 and the long electrode finger 42-1 of the 
fixed electrode 32 adjacent to each other in the Y-axis direc 
tion, between the electrode finger 52 of the movable electrode 
34 and the short electrode finger 42-2 of the fixed electrode 32 
that may be adjacent to each other in the Y-axis direction, and 
between the electrode finger 52 of the movable electrode 34 
and the protrusion parts 46, 48 of the leading end part 44 of the 
T-shaped electrode finger 42-3 of the fixed electrode 32 adja 
cent to each other in the Y-axis direction. 
The electrode fingers 52 of the movable electrode 34 are 

constituted Such that the leading ends are positioned, in the 
X-axis direction, at the center of the gap between the leading 
ends of the protrusion parts 46, 48 of the fixed electrode 32 
and the leading ends of the short electrode fingers 42-2, at the 
oscillation center (i.e., displacement center of the movable 
electrode 34) of the structure bodies 16, 18. Furthermore, the 
gap in the X-axis direction between the leading ends of the 
protrusion parts 46, 48 and the leading ends of the short 
electrode fingers 42-2 is set to be the same as a value that is 
two times a target amplitude (i.e., a target displacement 
amount from the oscillation center of the leading end of the 
movable electrode 34 corresponding to the target amplitude) 
A0 of the structure bodies 16, 18, or slightly smaller than this 
value. 

Note that a thickness (i.e., the height at apart where the side 
wall of the electrode fingers 42 and the side wall of the 
electrode fingers 52 face each other in the Z-axis direction) 
Tm at a part where the electrode fingers 42 of the fixed 
electrode 32 and the electrode fingers 52 of the movable 
electrode 34 adjacent to each other in the Y-axis direction 
overlap in the thickness direction, i.e., the Z-axis direction, 
may be different from the thickness of the electrode fingers 42 
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in the Z-axis direction or the thickness of the electrode fingers 
52 in the Z-axis direction, or may match these thicknesses. 

In the displacement amount monitoring electrode 10 hav 
ing the above structure, when the structure bodies 16, 18 are 
excited in the X-axis direction, the movable electrode 34 is 
displaced in the X-axis direction due to the excitation. In this 
case, a change in the capacitance occurs between the fixed 
electrode 32 and the movable electrode 34 due to the displace 
ment of the movable electrode 34. Note that the change in the 
capacitance at the displacement amount monitoring elec 
trodes 28-1, 28-2 and the change in the capacitance at the 
displacement amount monitoring electrodes 30-1, 30-2 are of 
opposite phases from each other. The change in the capaci 
tance of the displacement amount monitoring electrode 10 
increases, as the driving displacement amount of the structure 
bodies 16, 18 in the X-axis direction increases. 

Each of the fixed electrodes of the displacement amount 
monitoring electrode 10 outputs, to the signal processing 
circuit, the change in the capacitance between the fixed elec 
trode 32 and the movable electrode 34 as drive displacement 
amount monitor signals. The signal processing circuit moni 
tors the drive displacement amount of the structure bodies 16, 
18 in the X-axis direction by processing the drive displace 
ment amount monitor signals from the displacement amount 
monitoring electrodes 10. Then, based on the drive displace 
ment amount, the drive Voltage to be applied to the driving 
electrodes 20-1, 20-2, 22-1, 22-2 is controlled so that the 
structure bodies 16, 18 are exited in the X-axis direction at a 
constant amplitude. 

Incidentally, in order to precisely detect the angular speed 
around the Z-axis in the sensor 12, the amplitude by which the 
structure bodies 16, 18 acting as a detection mass are exited in 
the X-axis direction need to be always maintained at a con 
stant level. Furthermore, in order to maintain the driving 
amplitude of the structure bodies 16, 18 in the X-axis direc 
tion at a constant level, the capacitance change amount 
between the fixed electrode 32 and the movable electrode 34 
of the displacement amount monitoring electrode 10 is gen 
erally maintained at a constant level. Therefore, it is appro 
priate to control the driving Voltage applied to the driving 
electrodes 20-1, 20-2 so that the capacitance change amount 
is maintained at a constant level; specifically, it is appropriate 
to perform drive control such that the drive displacement 
amount of the structure bodies 16, 18 reaches the target dis 
placement amount (target amplitude) at the time point when 
the above capacitance change amount reaches the target 
capacitance change amount. 

FIG. 4 is a cross-sectional view of the displacement 
amount monitoring electrode 10 in the case where deforma 
tion has occurred due to stress changes. Furthermore, FIG. 5 
illustrates the relationship (slope) between the drive displace 
ment amount X of the structure bodies 16, 18, i.e., the movable 
electrode 34, that changes according to stress changes and 
size variations in the displacement amount monitoring elec 
trode 10, and a capacitance change amount AC between the 
fixed electrode 32 and the movable electrode 34. 

Note that when the movable electrode 34 is not moving in 
the X-axis direction, the drive displacement amount X of the 
leading ends of the electrode fingers 52 of the movable elec 
trode 34 is set as “0”, the side to which the leading ends of the 
electrode fingers 52 come close to the base part 40 of the fixed 
electrode 32 is set as x>0, and the side from which the leading 
ends of the electrode fingers 52 go away from the base part 40 
of the fixed electrode 32 is set as x<0. Furthermore, the 
capacitance change amount AC between the fixed electrode 
32 and the movable electrode 34 is a value using the capaci 
tance, when the drive displacement amount is X0, as a stan 
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10 
dard; the capacitance change amount AC of the side on which 
the facing area of the fixed electrode 32 and the movable 
electrode 34 increases is set as AC-0, and the capacitance 
change amount AC of the side on which the facing area 
decreases is set as AC <0. 
The capacitance change amount AC between the fixed 

electrode 32 and the movable electrode 34 does not only 
change according to the drive displacement amount X of the 
structure bodies 16, 18, but also changes according to the gap 
and the facing area between the fixed electrode 32 and the 
movable electrode 34. That is to say, the relationship between 
the drive displacement amount X and the capacitance change 
amount AC described above changes according to the gap and 
the facing area described above. When the area where the 
fixed electrode 32 and the movable electrode 34 face each 
other changes proportionally according to the displacement 
of the movable electrode 34, the capacitance change amount 
AC between the fixed electrode 32 and the movable electrode 
34 changes linearly with respect to the drive displacement 
amount X of the movable electrode 34. In this case, when the 
gap and the facing area between the fixed electrode 32 and the 
movable electrode 34 largely deviate from the desired values 
due to stress changes and size variations of the displacement 
amount monitoring electrode 10, as illustrated in FIG. 5, the 
drive displacement amount X of the movable electrode 34 
largely deviates from the target displacement amount A0, 
-A0 when the capacitance change amount AC reaches the 
target capacitance change amount C0, -CO. Therefore, it is 
difficult to maintain the amplitude of the structure bodies 16, 
18 at a constant target amplitude. 

FIG. 6 illustrates the relationship between the drive dis 
placement amount X of the structure bodies 16, 18, i.e., the 
movable electrode 34 and the capacitance change amount AC 
between the fixed electrode 32 and the movable electrode 34, 
in the displacement amount monitoring electrode 10 accord 
ing to the present embodiment. Furthermore, FIG. 7 illus 
trates the operation procedures of the displacement amount 
monitoring electrode 10 according to the present embodi 
ment. 

In the displacement amount monitoring electrode 10 
according to the present embodiment, the capacitance change 
amount AC between the fixed electrode 32 and the movable 
electrode 34 is calculated according to the following formula 
(1). It is assumed that the vacuum dielectric constant is 60, 
the relative permittivity of the space between the fixed elec 
trode 32 and the movable electrode 34 is 6r, the number of 
facing electrodes in the displacement amount monitoring 
electrode 10 is Nm, and the gap between the fixed electrode 
32 and the movable electrode 34 in the Y-axis direction is dim. 

AC=606r-2Tm Nm X/in (1) 

In the present embodiment, as described above, the elec 
trode fingers 52 of the movable electrode 34 enters the center 
position in the Y-axis direction between the long electrode 
finger 42-1 and the short electrode finger 42-2 among the 
electrode fingers 42 of the fixed electrode 32, and the leading 
ends of the electrode fingers 52 are positioned, in the X-axis 
direction, at the center of the gap between the leading ends of 
the protrusion parts 46, 48 of the fixed electrode 32 and the 
leading ends of the short electrode fingers 42-2, at the oscil 
lation center of the structure bodies 16, 18. Furthermore, 
between the electrode fingers 52 of the movable electrode 34 
and the long electrode finger 42-1 of the electrode fingers 42 
of the fixed electrode 32, a predetermined gap d0 is formed in 
the Y-axis direction. Furthermore, the gap between the lead 
ingends of the protrusion parts 46, 48 of the fixed electrode 32 
described above and the leading end of the short electrode 
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finger 42-2 is set to be the same as a value that is two times a 
target amplitude A0 of the structure bodies 16, 18, or slightly 
smaller than this value. 

In the above structure, in the process (first process) from 
when the movable electrode 34 is driven/displaced from a 
position (x=0) where the drive displacement amount X is zero 
to a position (x=A0) where the drive displacement amount X 
is the target displacement amount A0, in the fixed electrode 32 
that is spaced apart from the movable electrode 34 by a gap d0 
in the Y-axis direction, only the long electrode finger 42-1 
among the electrode fingers 42 contributes to the increase in 
the facing area of the fixed electrode 32 and the movable 
electrode 34. In this case, the area where the fixed electrode 
32 and the movable electrode 34 face each other with a gap d0 
therebetween, increases proportionally according to the dis 
placement of the movable electrode 34. Therefore, in the 
above first process, the capacitance change amount AC 
between the fixed electrode 32 and the movable electrode 34 
increases at a constant slope. 

Furthermore, in the process (second process) from when 
the movable electrode 34 is driven/displaced from a position 
(x=A0) where the drive displacement amount X is the target 
displacement amount A0 further to the x>A0 side, in the fixed 
electrode 32 that is spaced apart from the movable electrode 
34 by a gap d0 in the Y-axis direction, the long electrode finger 
42-1 and the short electrode finger 42-2 among the electrode 
fingers 42 contribute to the increase in the facing area of the 
fixed electrode 32 and the movable electrode 34. In this case, 
the area where the fixed electrode 32 and the movable elec 
trode 34 face each other with a gap d0 therebetween, increases 
proportionally according to the displacement of the movable 
electrode 34, and also the increase in slope of the area is 
greater than the increase in slope in the first process described 
above. Therefore, in the second process described above, the 
capacitance change amount AC between the fixed electrode 
32 and the movable electrode 34 increases by a greater slope 
compared to the slope of the first process described above. 

Furthermore, in the process (third process) from when the 
movable electrode 34 is driven/displaced from the position of 
X>A0 to the position of x=A0, in the fixed electrode 32 that is 
spaced apart from the movable electrode 34 by a gap d0 in the 
Y-axis direction, the long electrode finger 42-1 and the short 
electrode finger 42-2 among the electrode fingers 42 contrib 
ute to the decrease in the facing area of the fixed electrode 32 
and the movable electrode 34. In this case, the area where the 
fixed electrode 32 and the movable electrode 34 face each 
other with a gap d0 therebetween, decreases proportionally 
according to the displacement of the movable electrode 34. 
Therefore, in the third process described above, the capaci 
tance change amount AC between the fixed electrode 32 and 
the movable electrode 34 decreases by the same slope as that 
of the second process described above. 

Furthermore, in the process (fourth process) from when the 
movable electrode 34 is driven/displaced from the position of 
x=A0 to the position of x=0, and in the process (fifth process) 
from when the movable electrode 34 is driven/displaced from 
the position of X=0 to the position of x=-A0, in the fixed 
electrode 32 that is spaced apart from the movable electrode 
34 by a gap d0 in the Y-axis direction, only the long electrode 
finger 42-1 among the electrode fingers 42 contributes to the 
decrease in the facing area of the fixed electrode 32 and the 
movable electrode 34. In this case, the area where the fixed 
electrode 32 and the movable electrode 34 face each other 
with a gap dOtherebetween, decreases proportionally accord 
ing to the displacement of the movable electrode 34, and the 
decrease in slope of the area is Smaller than the decrease in 
slope of the third process described above. Therefore, in the 
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12 
fourth and fifth processes described above, the capacitance 
change amount AC between the fixed electrode 32 and the 
movable electrode 34 decreases by a smaller slope compared 
to the slope in the third process described above. 

Furthermore, in the process (sixth process) from when the 
movable electrode 34 is driven/displaced from a position 
(x=-A0) where the drive displacement amount x is the target 
displacement amount -A0 further to the x<-A0 side, in the 
fixed electrode 32 that is spaced apart from the movable 
electrode 34 by a gap d0 in the Y-axis direction, the long 
electrode finger 42-1 and the protrusion parts 46, 48 of the 
T-shaped electrode fingers 42-3 among the electrode fingers 
42 contribute to the decrease in the facing area of the fixed 
electrode 32 and the movable electrode 34. In this case, the 
area where the fixed electrode 32 and the movable electrode 
34 face each other with a gap d0 therebetween, decreases 
proportionally according to the displacement of the movable 
electrode 34, and also the decrease in slope of the area is 
greater than the decrease in slope in the fourth and fifth 
processes described above. Therefore, in the sixth process 
described above, the capacitance change amount AC between 
the fixed electrode 32 and the movable electrode 34 decreases 
by a greater slope compared to the slope of the fourth and fifth 
processes described above. 

Furthermore, in the process (seventh process) from when 
the movable electrode 34 is driven/displaced from the posi 
tion of x<-A0 to the position of x=-A0, in the fixed electrode 
32 that is spaced apart from the movable electrode 34 by a gap 
d0 in the Y-axis direction, the long electrode finger 42-1 and 
the short electrode finger 42-2 among the electrode fingers 42 
contribute to the increase in the facing area of the fixed elec 
trode 32 and the movable electrode 34. In this case, the area 
where the fixed electrode 32 and the movable electrode 34 
face each other with a gap dOtherebetween, increases pro 
portionally according to the displacement of the movable 
electrode 34. Therefore, in the seventh process described 
above, the capacitance change amount AC between the fixed 
electrode 32 and the movable electrode 34 increases by the 
same slope as that of the sixth process described above. 

Furthermore, in the process (eighth process) from when the 
movable electrode 34 is driven/displaced from the position of 
x=-A0 to the position of x=0, in the fixed electrode 32 that is 
spaced apart from the movable electrode 34 by a gap d0 in the 
Y-axis direction, only the long electrode finger 42-1 among 
the electrode fingers 42 contributes to the increase in the 
facing area of the fixed electrode 32 and the movable elec 
trode 34. In this case, the area where the fixed electrode 32 and 
the movable electrode 34 face each other with a gap d0 ther 
ebetween, increases proportionally according to the displace 
ment of the movable electrode 34, and the increase in slope of 
the area is greater than the increase in slope of the seventh 
process described above. Therefore, in the eighth process 
described above, the capacitance change amount AC between 
the fixed electrode 32 and the movable electrode 34 increases 
by a smaller slope compared to the slope in the seventh 
process described above. 
As described above, the structure of the displacement 

amount monitoring electrode 10 has features that when the 
drive displacement amount x of the movable electrode 34 is 
between the target displacement amounts -A0 and A0, the 
change sensitivity of the capacitance change amount AC 
between the fixed electrode 32 and the movable electrode 34 
with respect to the drive displacement amount X of the mov 
able electrode 34 in the X-axis direction is relatively small, 
while when the drive displacement amount x of the movable 
electrode 34 satisfies x<-A0 or x>A0, the change sensitivity 
is relatively large. 
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That is to say, the structure of the displacement amount 
monitoring electrode 10 has features that the change sensi 
tivity of the capacitance change amount AC described above 
becomes higher after the drive displacement of the movable 
electrode 34 reaches the target displacement amount A0 com 
pared to that before the drive displacement of the movable 
electrode 34 reaches the target displacement amount A0, and 
the change sensitivity becomes higher after the drive dis 
placement of the movable electrode 34 reaches the target 
displacement amount -A0 compared to that before the drive 
displacement of the movable electrode 34 reaches the target 
displacement amount -A0. Specifically, the fixed electrode 
32 and the movable electrode 34 (particularly, the fixed elec 
trode 32) are formed, such that the change sensitivity of the 
total area of the surfaces of the electrode fingers 42, 52 facing 
each other with a gap d0 therebetween becomes higher after 
the drive displacement of the movable electrode 34 reaches 
the target displacement amount A0 compared to that before 
the drive displacement of the movable electrode 34 reaches 
the target displacement amount A0, and the change sensitivity 
becomes higher after the drive displacement of the movable 
electrode 34 reaches the target displacement amount -A0 
compared to that before the drive displacement of the mov 
able electrode 34 reaches the target displacement amount 
-A0. That is to say, the fixed electrode 32 and the movable 
electrode 34 (particularly, the fixed electrode 32) are formed, 
such that the number of parts where the electrode fingers 42, 
52 face each other with a gap d0 therebetween increases after 
the drive displacement of the movable electrode 34 reaches 
the target displacement amount A0 compared to that before 
the drive displacement of the movable electrode 34 reaches 
the target displacement amount A0, and the number of the 
parts increases after the drive displacement of the movable 
electrode 34 reaches the target displacement amount -A0 
compared to that before the drive displacement of the mov 
able electrode 34 reaches the target displacement amount 
-A0. 

Therefore, in the structure of the displacement amount 
monitoring electrode 10, the change sensitivity of the capaci 
tance change amount AC between the fixed electrode 32 and 
the movable electrode 34 with respect to the drive displace 
ment amount X of the movable electrode 34 after the movable 
electrode 34 is driven/displaced to the target displacement 
amount A0, -A0, is higher compared to that when the mov 
able electrode 34 is positioned between the target displace 
ment amounts-A0 and A0. According to the above structure, 
compared to the structure where the change sensitivity of the 
capacitance change amount AC is constant, it is possible to 
reduce the variations in the drive displacement amount X of 
the movable electrode 34 when the capacitance change 
amount AC between the fixed electrode 32 and the movable 
electrode 34 reaches the target capacitance change amount 
C0, which variations are caused when the slope of the capaci 
tance change amount AC between the fixed electrode 32 and 
the movable electrode 34 changes with respect to the drive 
displacement amount X of the movable electrode 34 accord 
ing to changes in the gap and the facing area between the fixed 
electrode 32 and the movable electrode 34. 

Therefore, according to the structure of the displacement 
amount monitoring electrode 10 of the present embodiment, 
even when the relative relationship Such as the gap and the 
facing area between the fixed electrode 32 and the movable 
electrode 34 changes, it is possible to prevent the drive dis 
placement amount X of the movable electrode 34 from largely 
deviating from the target displacement amount A0 when the 
capacitance change amount AC reaches the target capacitance 
change amount C0. Therefore, it is possible to maintain the 
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14 
amplitude of the structure bodies 16, 18 to a constant target 
amplitude as much as possible. By this point, it is possible to 
increase the robustness with respect to disturbance factors 
Such as assembly stress and temperature changes and manu 
facturing factors such as size variations, so that the yield can 
be improved and the ratio of non-defective products can be 
increased. 

Furthermore, in the displacement amount monitoring elec 
trode 10 according to the present embodiment, in increasing 
the change sensitivity of the capacitance change amount AC 
between the fixed electrode 32 and the movable electrode 34 
with respect to the drive displacement amount X of the mov 
able electrode 34 after the movable electrode 34 is driven/ 
displaced to the target displacement amount A0, -A0, it is 
unnecessary to reduce the gap between the leading ends of the 
electrode fingers 42 of the fixed electrode 32 and the movable 
electrode 34 and the base part 50, or the gap between the base 
part 40 and the leading ends of the electrode fingers 52, and a 
margin can be left in these gaps. Therefore, in the process of 
driving the structure bodies 16, 18 in the X-axis direction, the 
fixed electrode 32 and the movable electrode 34 can be pre 
vented from colliding with each other, so that the displace 
ment amount monitoring electrode 10 can be prevented from 
breaking. 

Note that in the first embodiment described above, the 
structure bodies 16, 18 correspond to the “detection mass” in 
the claims, and the X direction corresponds to the “predeter 
mined axis direction' in the claims. 

Incidentally, in the first embodiment described above, the 
fixed electrode 32 includes the electrode fingers 42 that 
extend from the base part 40 in an X-axis direction parallel to 
the semiconductor substrate 14, and the electrode fingers 42 
are constituted by three types of electrode fingers, the long 
electrode finger 42-1, the short electrode finger 42-2, and the 
T-shaped electrode finger 42-3; however, the present inven 
tion is not so limited. As illustrated in FIG. 8A and FIG.9A, 
the fixed electrode 32 may include electrode fingers 80, 90 
extending from the base part 40 in an X-axis direction parallel 
to the semiconductor Substrate 14, and the electrode fingers 
80, 90 may be constituted by two types of electrode fingers, 
i.e., long electrode fingers 82, 92 having a relatively long 
length in the X-axis direction and short electrode fingers 84, 
94 having a relatively short length in the X-axis direction. 

In the structure of this modification example, the long 
electrode fingers 82.92 and the short electrode fingers 84.94 
of the fixed electrode 32 are formed to have a square cross 
sectional shape, and have the same cross-sectional area from 
the connection part with the base part 40 to the leading end 
(the same width in the Y-axis direction and the same thickness 
in the Z-axis direction). The electrode fingers 80, 90 are 
formed as a pattern in which one long electrode finger 82,92 
and one short electrode finger 84, 94 constitute one set. Spe 
cifically, the long electrode fingers 82, 92, and the short 
electrode fingers 84.94 are provided in the stated order in the 
Y-axis direction, and this configuration is repeated in the 
Y-axis direction. In the electrode fingers 80, 90, a predeter 
mined gap is formed in the Y-axis direction between the long 
electrode fingers 82.92 and the short electrode fingers 84.94. 

Furthermore, the fixed electrode 32 includes, as part of the 
electrode fingers 80, 90, separate parts 86, 96 that are not 
connected to the base part 40. The separate parts 86.96 extend 
in an X-axis direction parallel to the semiconductor Substrate 
14 and are formed to have a square cross-sectional shape, and 
have the same cross-sectional shape between both ends in the 
X-axis direction (the same width in the Y-axis direction and 
the same thickness in the Z-axis direction). The positions of 
the separate parts 86,96 in the Y-axis direction are the same as 
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the positions of the short electrode fingers 84.94 in the Y-axis 
direction. That is to say, the separate parts 86.96 are disposed 
to be spaced apart from the short electrode fingers 84.94 by a 
predetermined distance in the X-axis direction. Between the 
separate parts 86, 96 and the short electrode fingers 84, 94. 
there is formed a predetermined gap in the X-axis direction. 
The separate parts 86.96 and the short electrodefingers 84.94 
constitute electrode fingers including cutouts which are holes 
formed by the predetermined gaps. 

Note that the separate part 86 may be maintained at the 
same potential as the other parts of the fixed electrode 32 (for 
example, the long electrode finger 82, the short electrode 
finger 84, etc.) by having the entire fixed electrode 32 elec 
trically connected to the semiconductor substrate 14 as illus 
trated in FIG. 8B, and furthermore, the separate part 96 may 
be maintained at the same potential as the other parts of the 
fixed electrode 32 (for example, the long electrode finger 92, 
the short electrode finger94, etc.) by having the separate part 
96 be electrically connected to the long electrode finger92 via 
a top electrode 98 as illustrated in FIG.9B. 
The fixed electrode 32 and the movable electrode 34 are 

disposed such that the base parts 40, 50 face each other in the 
X-axis direction and the electrode fingers 80, 90 and the 
electrode fingers 52 face each other and are meshed together 
in the Y-axis direction. Specifically, the electrode fingers 52 of 
the movable electrode 34 are disposed so as to enter the center 
position in the Y-axis direction between the long electrode 
fingers 82.92 and the short electrode fingers 84.94 among the 
electrode fingers 80,90 of the fixed electrode 32. A predeter 
mined gap d0 is formed in the Y-axis direction, between the 
electrode finger 52 of the movable electrode 34 and the long 
electrode fingers 82, 92 of the fixed electrode 32 adjacent to 
each other in the Y-axis direction, between the electrode fin 
ger 52 of the movable electrode 34 and the short electrode 
fingers 84.94 of the fixed electrode 32 that may be adjacent to 
each other in the Y-axis direction, and between the electrode 
finger 52 of the movable electrode 34 and the separate parts 
86, 96 of the fixed electrode 32 adjacent to each other in the 
Y-axis direction. 

The electrode fingers 52 of the movable electrode 34 are 
constituted Such that the leading ends are positioned, in the 
X-axis direction, at the center of the gap between one end of 
the separate parts 86, 96 of the fixed electrode 32 and the 
leading ends of the short electrode fingers 84, 94, at the 
oscillation center (i.e., displacement center of the movable 
electrode 34) of the structure bodies 16, 18. Furthermore, the 
gap in the X-axis direction between one end of the separate 
parts 86.96 and the leading ends of the short electrode fingers 
84.94 is set to be the same as a value that is two times a target 
amplitude (i.e., a target displacement amount from the oscil 
lation center of the leading end of the movable electrode 34 
corresponding to the target oscillation) A0 of the structure 
bodies 16, 18, or slightly smaller than this value. 

Note that a thickness (i.e., the height at apart where the side 
wall of the electrode fingers 80, 90 and the side wall of the 
electrode fingers 52 face each other in the Z-axis direction) 
Tm at a part where the electrode fingers 80, 90 of the fixed 
electrode 32 and the electrode fingers 52 of the movable 
electrode 34 adjacent to each other in the Y-axis direction 
overlap in the thickness direction, i.e., the Z-axis direction, 
may be different from the thickness of the electrode fingers 
80, 90 in the Z-axis direction or the thickness of the electrode 
fingers 52 in the Z-axis direction, or may match these thick 

SSS. 

The structure of the displacement amount monitoring elec 
trode 10 according to the modification example also has fea 
tures that when the drive displacement amount x of the mov 
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able electrode 34 is between the target displacement amounts 
-A0 and A0, the change sensitivity of the capacitance change 
amount AC between the fixed electrode 32 and the movable 
electrode 34 with respect to the drive displacement amount X 
of the movable electrode 34 in the X-axis direction is rela 
tively small, while when the drive displacement amount X of 
the movable electrode 34 satisfies x<-A0 or x>A0, the 
change sensitivity is relatively large. That is to say, the dis 
placement amount monitoring electrode 10 has a feature that 
the change sensitivity of the capacitance change amount AC 
described above is larger after the drive displacement of the 
movable electrode 34 reaches the target displacement amount 
A0, -A0, compared to before the drive displacement reaches 
the target displacement amount A0, -A0. Specifically, the 
fixed electrode 32 and the movable electrode 34 are formed 
Such that the change sensitivity of the total area of the area 
where the electrode fingers 80.90 and the electrode fingers 52 
face each other with a gap d0 therebetween becomes larger 
after the drive displacement of the movable electrode 34 
reaches the target displacement amount A0, -A0, compared 
to before the drive displacement reaches the target displace 
ment amount A0, -A0; that is to say, the fixed electrode 32 is 
formed such that the number of parts where the electrode 
fingers 80.90 and the electrode fingers 52 face each other with 
a gap d0 therebetween increases after the drive displacement 
of the movable electrode 34 reaches the target displacement 
amount A0, -A0, compared to that before the drive displace 
ment of the movable electrode 34 reaches the target displace 
ment amount A0, -A0. Therefore, also in the structure of this 
modification example, the same affects as the structure of the 
first embodiment described above can be attained. 

Furthermore, in the structure of this modification example, 
the gap where the electrode fingers 80, 90 of the fixed elec 
trode 32 and the electrode fingers 52 of the movable electrode 
34 face each other in the Y-axis direction can be at equal 
intervals at all parts, and therefore the configuration can be 
made compact compared to a structure in which the gap is 
unequal at the respective parts, and the area occupied by the 
displacement amount monitoring electrode 10 on the semi 
conductor Substrate 14 can be prevented from increasing. 
Second Embodiment 

FIG. 10 is a top view of a displacement amount monitoring 
electrode 100 according to a second embodiment of the 
present invention. Note that in FIG. 10, the same elements as 
those of the configuration illustrated in FIG. 2 described 
above are denoted by the same reference numerals and 
descriptions thereof are omitted or simplified. Furthermore, 
FIG. 11 illustrates operation procedures in the displacement 
amount monitoring electrode 100 according to the present 
embodiment. 
The displacement amount monitoring electrode 100 

according to the present embodiment includes the fixed elec 
trode 32 and the movable electrode 34. The fixed electrode 32 
is formed to have a comb-teeth shape, and includes electrode 
fingers 102 extending from the base part 40 in an X-axis 
direction parallel to the semiconductor substrate 14. There are 
a plurality of electrode fingers 102 arranged at equal intervals 
in a Y-axis direction parallel with each other, with respect to a 
single base part 40. The electrode fingers 102 have the same 
shape. Each of the electrode fingers 102 has a square cross 
sectional shape, and is constituted so that the cross-sectional 
area changes from the connection part with the base part 40 to 
the leading end. 

Specifically, in each of the electrode fingers 102, the width 
in the Y-axis direction near the connection part with the base 
part 40 and at the part near the leading end is greater than the 
width in the Y-axis directionata part in the middle of the these 
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parts. Accordingly, the cross-sectional area near the connec 
tion part with the base part 40 and the part near the leading end 
is greater than the cross-sectional area at a part in the middle 
of the these parts. In the following, in the electrode finger 102, 
the part near the connection part with the base part 40 where 
the cross-sectional area is relatively large is referred to as a 
root part 102-1, the part near the leading end where the 
cross-sectional area is relatively large is referred to as a lead 
ing end part 102-2, and the part in the middle where the 
cross-sectional area is relatively small is referred to as a 
middle part 102-3. 
The fixed electrode 32 and the movable electrode 34 are 

disposed such that the base parts 40, 50 face each other in the 
X-axis direction and the electrode fingers 102 and the elec 
trode fingers 52 face each other and are meshed together in the 
Y-axis direction. Specifically, the electrode fingers 52 of the 
movable electrode 34 are disposed so as to enter the center 
position between two electrode fingers 102 adjacent to each 
other in the Y-axis direction of the fixed electrode 32. The 
electrode fingers 52 of the movable electrode 34 and the 
electrode fingers 102 of the fixed electrode 32 adjacent to 
each other in the Y-axis direction are constituted so that dif 
ferent gaps dm are formed in the Y-axis direction according to 
the parts; specifically, the gap between the electrode finger 52 
and the root part 102-1 and the gap between the electrode 
finger 52 and the leading end part 102-2 are relatively small, 
and the gap between the electrode finger 52 and the middle 
part 102-3 is relatively large. 
The electrode fingers 52 of the movable electrode 34 are 

constituted Such that the leading ends are positioned, in the 
X-axis direction, at the center of the middle part 102-3 of the 
electrode fingers 102 of the fixed electrode 32 in the X-axis 
direction, at the oscillation center (i.e., displacement center of 
the movable electrode 34) of the structure bodies 16, 18. 
Furthermore, the length of the middle part 102-3 in the X-axis 
direction, i.e., the distance in the X-axis direction between the 
root part 102-1 and the leading end part 102-2, is set to be the 
same as a value that is two times a target amplitude (i.e., a 
target displacement amount from the oscillation center of the 
leading end of the movable electrode 34 corresponding to the 
target amplitude) A0 of the structure bodies 16, 18, or slightly 
smaller than this value. 

Note that a thickness (i.e., the height at apart where the side 
wall of the electrode fingers 102 and the side wall of the 
electrode fingers 52 face each other in the Z-axis direction) 
Tm at a part where the electrode fingers 102 of the fixed 
electrode 32 and the electrode fingers 52 of the movable 
electrode 34 adjacent to each other in the Y-axis direction 
overlap in the thickness direction, i.e., the Z-axis direction, 
may be different from the thickness of the electrode fingers 
102 in the Z-axis direction or the thickness of the electrode 
fingers 52 in the Z-axis direction, or may match these thick 

SSS. 

In the structure of the displacement amount monitoring 
electrode 100, in the process (first process) from when the 
movable electrode 34 is driven/displaced from a position 
(x=0) where the drive displacement amount X is zero to a 
position (x=A0) where the drive displacement amount x is the 
target displacement amount A0, in the fixed electrode 32 
facing the movable electrode 34, the middle part 102-3 among 
the electrode fingers 102 contributes to the increase in the 
facing area of the fixed electrode 32 and the movable elec 
trode 34. In this case, the gap dm in the Y-axis direction 
between the electrode finger 102 of the fixed electrode 32 and 
the electrode finger 52 of the movable electrode 34 is a rela 
tively large constant value. Therefore, in the above first pro 
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cess, the capacitance change amount AC between the fixed 
electrode 32 and the movable electrode 34 increases at a 
constant slope. 

Furthermore, in the process (second process) from when 
the movable electrode 34 is driven/displaced from a position 
(x=A0) where the drive displacement amount X is the target 
displacement amount A0 further to the x>A0 side, in the fixed 
electrode 32 facing the movable electrode 34, the root part 
102-1 among the electrode fingers 102 contributes to the 
increase in the facing area of the fixed electrode 32 and the 
movable electrode 34. In this case, the gap dm in the Y-axis 
direction between the electrode finger 102 of the fixed elec 
trode 32 and the electrode finger 52 of the movable electrode 
34 is a relatively small constant value. Therefore, in the sec 
ond process described above, the capacitance change amount 
AC between the fixed electrode 32 and the movable electrode 
34 increases by a greater slope compared to the slope of the 
first process described above. 

Furthermore, in the process (third process) from when the 
movable electrode 34 is driven/displaced from the position of 
X>A0 to the position of x=A0, in the fixed electrode 32 facing 
the movable electrode 34, the root part 102-1 among the 
electrode fingers 102 contributes to the decrease in the facing 
area of the fixed electrode 32 and the movable electrode 34. In 
this case, the gap dm in the Y-axis direction between the 
electrode finger 102 of the fixed electrode 32 and the elec 
trode finger 52 of the movable electrode 34 is a relatively 
small constant value. Therefore, in the third process described 
above, the capacitance change amount AC between the fixed 
electrode 32 and the movable electrode 34 decreases by the 
same slope as that of the second process described above. 

Furthermore, in the process (fourth process) from when the 
movable electrode 34 is driven/displaced from the position of 
x=A0 to the position of x=0, and in the process (fifth process) 
from when the movable electrode 34 is driven/displaced from 
the position of X=0 to the position of x=-A0, in the fixed 
electrode 32 facing the movable electrode 34, the middle part 
102-3 among the electrode fingers 102 contributes to the 
decrease in the facing area of the fixed electrode 32 and the 
movable electrode 34. In this case, the gap dm in the Y-axis 
direction between the electrode finger 102 of the fixed elec 
trode 32 and the electrode finger 52 of the movable electrode 
34 is a relatively large constant value. Therefore, in the fourth 
and fifth processes described above, the capacitance change 
amount AC between the fixed electrode 32 and the movable 
electrode 34 decreases by a smaller slope compared to the 
slope in the third process described above. 

Furthermore, in the process (sixth process) from when the 
movable electrode 34 is driven/displaced from a position 
(x=-A0) where the drive displacement amount x is the target 
displacement amount -A0 further to the x<-A0 side, in the 
fixed electrode 32 facing the movable electrode 34, the lead 
ing end part 102-2 among the electrode fingers 102 contrib 
utes to the decrease in the facing area of the fixed electrode 32 
and the movable electrode 34. In this case, the gap dm in the 
Y-axis direction between the electrode finger 102 of the fixed 
electrode 32 and the electrode finger 52 of the movable elec 
trode 34 is a relatively small constant value. Therefore, in the 
sixth process described above, the capacitance change 
amount AC between the fixed electrode 32 and the movable 
electrode 34 decreases by a greater slope compared to the 
slope of the fourth and fifth processes described above. 

Furthermore, in the process (seventh process) from when 
the movable electrode 34 is driven/displaced from the posi 
tion of x<-A0 to the position of x=-A0, in the fixed electrode 
32 facing the movable electrode 34, the leading end part 
102-2 among the electrode fingers 102 contributes to the 
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increase in the facing area of the fixed electrode 32 and the 
movable electrode 34. In this case, the gap dm in the Y-axis 
direction between the electrode finger 102 of the fixed elec 
trode 32 and the electrode finger 52 of the movable electrode 
34 is a relatively small constant value. Therefore, in the sev 
enth processes described above, the capacitance change 
amount AC between the fixed electrode 32 and the movable 
electrode 34 increases by the same slope as that of the sixth 
process described above. 

Furthermore, in the process (eighth process) from when the 
movable electrode 34 is driven/displaced from the position of 
x=-A0 to the position of x=0, in the fixed electrode 32 facing 
the movable electrode 34, the middle part 102-3 among the 
electrode fingers 102 contributes to the increase in the facing 
area of the fixed electrode 32 and the movable electrode 34. In 
this case, the gap dm in the Y-axis direction between the 
electrode finger 102 of the fixed electrode 32 and the elec 
trode finger 52 of the movable electrode 34 is a relatively large 
constant value. Therefore, in the eighth process described 
above, the capacitance change amount AC between the fixed 
electrode 32 and the movable electrode 34 increases by a 
Smaller slope compared to the slope in the seventh process 
described above. 
As described above, the structure of the displacement 

amount monitoring electrode 100 also has features that when 
the drive displacement amount X of the movable electrode 34 
is between the target displacement amounts -A0 and A0, the 
change sensitivity of the capacitance change amount AC 
between the fixed electrode 32 and the movable electrode 34 
with respect to the drive displacement amount X of the mov 
able electrode 34 in the X-axis direction is relatively small, 
while when the drive displacement amount X of the movable 
electrode 34 satisfies x<-A0 or x>A0, the change sensitivity 
is relatively large. 

That is to say, the structure of the displacement amount 
monitoring electrode 100 has features that the change sensi 
tivity of the capacitance change amount AC described above 
becomes higher after the drive displacement of the movable 
electrode 34 reaches the target displacement amount A0 com 
pared to that before the drive displacement of the movable 
electrode 34 reaches the target displacement amount A0, and 
the change sensitivity becomes higher after the drive dis 
placement of the movable electrode 34 reaches the target 
displacement amount -A0 compared to that before the drive 
displacement of the movable electrode 34 reaches the target 
displacement amount -A0. Specifically, the fixed electrode 
32 and the movable electrode 34 (particularly, the fixed elec 
trode 32) are formed, such that the gap dm where the electrode 
fingers 102,52face each other (particularly, the gap where the 
leading end of the electrode finger 52 faces the electrode 
finger 102) becomes smaller after the drive displacement of 
the movable electrode 34 reaches the target displacement 
amount A0 compared to that before the drive displacement of 
the movable electrode 34 reaches the target displacement 
amount A0, and the change sensitivity becomes Smaller after 
the drive displacement of the movable electrode 34 reaches 
the target displacement amount-A0 compared to that before 
the drive displacement of the movable electrode 34 reaches 
the target displacement amount -A0. 

Therefore, also in the structure of the displacement amount 
monitoring electrode 100, the change sensitivity of the 
capacitance change amount AC between the fixed electrode 
32 and the movable electrode 34 with respect to the drive 
displacement amount X of the movable electrode 34 after the 
movable electrode 34 is driven/displaced to the target dis 
placement amount A0, -A0, is higher compared to that when 
the movable electrode 34 is positioned between the target 
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displacement amounts -A0 and A0. Therefore, also in the 
structure of the displacement amount monitoring electrode 
100 according to the present embodiment, the same effects as 
those of the structure of the displacement amount monitoring 
electrode 10 according to the first embodiment can be 
achieved. 

Furthermore, in the structure of the displacement amount 
monitoring electrode 100, the gap where the respective parts 
of the electrode fingers 102 of the fixed electrode 32 and the 
electrode fingers 52 of the movable electrode 34 are adjacent 
to each other in the Y-axis direction, and the gap where the 
respective parts of the electrode fingers 102 of the fixed elec 
trode 32 are adjacent to each other in the Y-axis direction can 
be at equal intervals, and therefore the configuration can be 
simplified and made compact compared to a structure having 
unequal gaps. 

Incidentally, in the second embodiment described above, 
the gap dm where the electrode fingers 102, 52 of the fixed 
electrode 32 and the movable electrode 34 face each other 
(particularly, the gap where the leading end of the electrode 
finger 52 faces the electrode finger 102) is made smaller after 
the drive displacement of the movable electrode 34 reaches 
the target displacement amount A0 compared to that before 
the drive displacement of the movable electrode 34 reaches 
the target displacement amount A0. In this respect, the elec 
trode finger 52 of the movable electrode 34 has the same 
cross-sectional area from the connection part with the base 
part 50 to the leading end, and the electrode finger 102 of the 
fixed electrode 32 has a cross-sectional area that changes 
from the connection part with the base part 40 to the leading 
end. However, the present invention is not so limited. The 
electrode fingers of the fixed electrode 32 and the electrode 
fingers of the movable electrode 34 may respectively have a 
cross-sectional area that changes from the connection part 
with the base part to the leading end. 

For example, as illustrated in FIG. 12, each electrode finger 
120 of the fixed electrode 32 may be constituted by a root part 
120-1 near the connection part with the base part 40 where the 
cross-sectional area is relatively large, a leading end part 
120-2 near the leading end where the cross-sectional area is 
relatively large, and a middle part 120-3 where the cross 
sectional area is relatively small; and each electrode finger 
122 of the movable electrode 34 may be constituted by a root 
part 122-1 near the connection part with the base part 50 
where the cross-sectional area is relatively large, a leading 
end part 122-2 near the leading end where the cross-sectional 
area is relatively large, and a middle part 122-3 where the 
cross-sectional area is relatively small. In the structure of this 
modification example, the change sensitivity of the capaci 
tance change amount AC between the fixed electrode 32 and 
the movable electrode 34 becomes even higher after the drive 
displacement of the movable electrode 34 reaches the target 
displacement amount A0, -A0 compared to that before the 
drive displacement of the movable electrode 34 reaches the 
target displacement amount A0, -A0, and therefore the 
effects can be made even more significant compared to that of 
the second embodiment described above. 

Furthermore, as illustrated in FIG. 13, each electrodefinger 
130 of the fixed electrode 32 may be constituted by a root part 
130-1 near the connection part with the base part 40 where the 
cross-sectional area is relatively large, and a foundation part 
130-2 where the cross-sectional area is relatively small; and 
each electrode finger 132 of the movable electrode 34 may be 
constituted by a root part 132-1 near the connection part with 
the base part 50 where the cross-sectional area is relatively 
large, a leading end part 132-2 near the leading end where the 
cross-sectional area is relatively large, and a middle part 
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132-3 where the cross-sectional area is relatively small. In the 
structure of this modification example, the change sensitivity 
of the capacitance change amount AC between the fixed elec 
trode 32 and the movable electrode 34 becomes even higher 
after the drive displacement of the movable electrode 34 
reaches the target displacement amount A0 compared to that 
before the drive displacement of the movable electrode 34 
reaches the target displacement amount A0, and therefore the 
effects can be made even more significant compared to that of 
the second embodiment described above. 

Furthermore, as illustrated in FIG. 14, each electrode finger 
140 of the fixed electrode 32 may be constituted by a root part 
140-1 near the connection part with the base part 40 where the 
cross-sectional area is relatively large, and a foundation part 
140-2 where the cross-sectional area is relatively small; and 
each electrode finger 142 of the movable electrode 34 may be 
constituted by a foundation part 142-1 where the cross-sec 
tional area is relatively small and a leading end part 142-2 
near the connection part with the base part 50 where the 
cross-sectional area is relatively large. In the structure of this 
modification example, the change sensitivity of the capaci 
tance change amount AC between the fixed electrode 32 and 
the movable electrode 34 becomes even higher after the drive 
displacement of the movable electrode 34 reaches the target 
displacement amount A0 compared to that before the drive 
displacement of the movable electrode 34 reaches the target 
displacement amount A0, and therefore the effects can be 
made even more significant compared to that of the second 
embodiment described above. 

Furthermore, in the structures of the modification 
examples illustrated in FIGS. 12 through 14 described above, 
as illustrated in FIG. 15 (note that FIG. 15 illustrates the 
structure of the modification example illustrated in FIG. 13), 
as the entire configuration of the displacement amount moni 
toring electrode 100, the gaps at the respective parts where the 
electrode fingers of the fixed electrode 32 and the electrode 
fingers of the movable electrode 34 face each other in the 
Y-axis direction, and the gaps at the respective parts where the 
electrode fingers of the fixed electrode 32 are adjacent to each 
other in the Y-axis direction, can be can be at equal intervals 
(that is to say, as illustrated in FIG. 15, a-a'-a"-a". 
b=b'=b"=b", c=c', and d=d can be satisfied), and therefore the 
configuration can be simplified and made compact compared 
to a structure having unequal gaps. 
Third Embodiment 

FIG.16 is a top view of a displacement amount monitoring 
electrode 200 according to a third embodiment of the present 
invention. Note that in FIG.16, the same elements as those of 
the configuration illustrated in FIG. 2 described above are 
denoted by the same reference numerals and descriptions 
thereofare omitted or simplified. Furthermore, FIG. 17 illus 
trates operation procedures in the displacement amount 
monitoring electrode 200 according to the present embodi 
ment. 

The displacement amount monitoring electrode 200 
according to the present embodiment includes the fixed elec 
trode 32 and the movable electrode 34. The fixed electrode 32 
is formed to have a comb-teeth shape, and includes electrode 
fingers 202 extending from the base part 40 in an X-axis 
direction parallel to the semiconductor substrate 14. There are 
a plurality of electrode fingers 202 arranged at equal intervals 
in a Y-axis direction parallel with each other, with respect to a 
single base part 40. The electrode fingers 202 have the same 
shape. Each of the electrode fingers 202 has a square cross 
sectional shape, and is constituted so that the cross-sectional 
area changes from the connection part with the base part 40 to 
the leading end. 
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Specifically, in each of the electrode fingers 202, the thick 

ness in the Z-axis direction near the connection part with the 
base part 40 and at the part near the leading end is greater than 
the thickness in the Z-axis direction at a part in the middle of 
the these parts. Accordingly, the cross-sectional area at the 
part near the connection part with the base part 40 and the part 
near the leading end is greater than the cross-sectional area at 
a part in the middle of the these parts. In the following, in the 
electrode finger 202, the part near the connection part with the 
base part 40 where the cross-sectional area is relatively large 
is referred to as a root part 202-1, the part near the leading end 
where the cross-sectional area is relatively large is referred to 
as a leading end part 202-2, and the part in the middle where 
the cross-sectional area is relatively small is referred to as a 
middle part 202-3. 
The fixed electrode 32 and the movable electrode 34 are 

disposed such that the base parts 40, 50 face each other in the 
X-axis direction and the electrode fingers 202 and the elec 
trode fingers 52 face each other and are meshed together in the 
Y-axis direction. Specifically, the electrode fingers 52 of the 
movable electrode 34 are disposed so as to enter the center 
position between two electrode fingers 202 adjacent to each 
other in the Y-axis direction of the fixed electrode 32. 
Between the electrode fingers 52 of the movable electrode 34 
and the electrode fingers 202 of the fixed electrode 32 adja 
cent to each other in the Y-axis direction, a predetermined gap 
d0 is formed in the Y-axis direction. 
The electrode fingers 52 of the movable electrode 34 are 

constituted Such that the leading ends are positioned, in the 
X-axis direction, at the center of the middle part 202-3 of the 
electrode finger 202 of the fixed electrode 32, at the oscilla 
tion center (i.e., displacement center of the movable electrode 
34) of the structure bodies 16, 18. Furthermore, the distance 
in the X-axis direction of the middle part 202-3, that is to say, 
the distance in the X-axis direction between the root part 
202-1 and the leading end part 202-2, is set to be the same as 
a value that is two times a target amplitude (i.e., a target 
displacement amount from the oscillation center of the lead 
ing end of the movable electrode 34 corresponding to the 
target amplitude) A0 of the structure bodies 16, 18, or slightly 
smaller than this value. 

Furthermore, a thickness (i.e., the height at a part where the 
side wall of the electrode fingers 202 and the side wall of the 
electrode fingers 52 face each other in the Z-axis direction) 
Tm at a part where the electrode fingers 202 of the fixed 
electrode 32 and the electrode fingers 52 of the movable 
electrode 34 adjacent to each other in the Y-axis direction 
overlap in the thickness direction, i.e., the Z-axis direction, is 
set to be different according to the parts; specifically, the 
thickness between the electrode finger 52 and the root part 
202-1 and the thickness between the electrode finger 52 and 
the leading end part 202-2 are relatively large, and the thick 
ness between the electrode finger 52 and the middle part 
202-3 is relatively small. 

In the displacement amount monitoring electrode 200 hav 
ing the above structure, in the process (first process) from 
when the movable electrode 34 is driven/displaced from a 
position (x=0) where the drive displacement amount X is zero 
to a position (x=A0) where the drive displacement amount X 
is the target displacement amount A0, in the fixed electrode 32 
facing the movable electrode 34, the middle part 202-3 among 
the electrode fingers 202 contributes to the increase in the 
facing area of the fixed electrode 32 and the movable elec 
trode 34. In this case, the height Tm in the Z-axis direction 
where the electrode finger 202 of the fixed electrode 32 and 
the electrode finger 52 of the movable electrode 34 face each 
other in the Y-axis direction is a relatively small constant 
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value, and the area where the fixed electrode 32 and the 
movable electrode 34 face each other with a gap d0 therebe 
tween, increases proportionally according to the displace 
ment of the movable electrode 34. Therefore, in the above first 
process, the capacitance change amount AC between the fixed 
electrode 32 and the movable electrode 34 increases at a 
constant slope. 

Furthermore, in the process (second process) from when 
the movable electrode 34 is driven/displaced from a position 
(x=A0) where the drive displacement amount X is the target 
displacement amount A0 further to the x>A0 side, in the fixed 
electrode 32 facing the movable electrode 34, the root part 
202-1 among the electrode fingers 202 contributes to the 
increase in the facing area of the fixed electrode 32 and the 
movable electrode 34. In this case, the height Tm in the Z-axis 
direction where the electrode finger 202 of the fixed electrode 
32 and the electrode finger 52 of the movable electrode 34 
face each other in the Y-axis direction is a relatively large 
constant value, and the area where the fixed electrode 32 and 
the movable electrode 34 face each other with a gap d0 ther 
ebetween, increases proportionally according to the displace 
ment of the movable electrode 34, and also the increase in 
slope of the area is greater than the increase in slope in the first 
process described above. Therefore, in the second process 
described above, the capacitance change amount AC between 
the fixed electrode 32 and the movable electrode 34 increases 
by a greater slope compared to the slope of the first process 
described above. 

Furthermore, in the process (third process) from when the 
movable electrode 34 is driven/displaced from the position of 
X>A0 to the position of x=A0, in the fixed electrode 32 facing 
the movable electrode 34, the root part 202-1 among the 
electrode fingers 202 contributes to the decrease in the facing 
area of the fixed electrode 32 and the movable electrode 34. In 
this case, the height Tm in the Z-axis direction where the 
electrode finger 202 of the fixed electrode 32 and the elec 
trode finger 52 of the movable electrode 34 face each other in 
the Y-axis direction is a relatively large constant value, and the 
area where the fixed electrode 32 and the movable electrode 
34 face each other with a gap d0 therebetween, decreases 
proportionally according to the displacement of the movable 
electrode 34. Therefore, in the third process described above, 
the capacitance change amount AC between the fixed elec 
trode 32 and the movable electrode 34 decreases by the same 
slope as that of the second process described above. 

Furthermore, in the process (fourth process) from when the 
movable electrode 34 is driven/displaced from the position of 
x=A0 to the position of x=0, and in the process (fifth process) 
from when the movable electrode 34 is driven/displaced from 
the position of X=0 to the position of x=-A0, in the fixed 
electrode 32 facing the movable electrode 34, the middle part 
202-3 among the electrode fingers 202 contributes to the 
decrease in the facing area of the fixed electrode 32 and the 
movable electrode 34. In this case, the height Tm in the Z-axis 
direction where the electrode finger 202 of the fixed electrode 
32 and the electrode finger 52 of the movable electrode 34 
face each other in the Y-axis direction is a relatively small 
constant value, and the area where the fixed electrode 32 and 
the movable electrode 34 face each other with a gap d0 ther 
ebetween, decreases proportionally according to the dis 
placement of the movable electrode 34, and also the decrease 
in slope of the area is Smaller than the decrease in slope in the 
third process described above. Therefore, in the fourth and 
fifth processes described above, the capacitance change 
amount AC between the fixed electrode 32 and the movable 
electrode 34 decreases by a smaller slope compared to the 
slope in the third process described above. 
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Furthermore, in the process (sixth process) from when the 

movable electrode 34 is driven/displaced from a position 
(x=-A0) where the drive displacement amount x is the target 
displacement amount -A0 further to the x<-A0 side, in the 
fixed electrode 32 facing the movable electrode 34, the lead 
ing end part 202-2 among the electrode fingers 202 contrib 
utes to the decrease in the facing area of the fixed electrode 32 
and the movable electrode 34. In this case, the height Tm in 
the Z-axis direction where the electrode finger 202 of the 
fixed electrode 32 and the electrode finger 52 of the movable 
electrode 34 face each other in the Y-axis direction is a rela 
tively large constant value, and the area where the fixed elec 
trode 32 and the movable electrode 34 face each other with a 
gap d0 therebetween, decreases proportionally according to 
the displacement of the movable electrode 34, and also the 
decrease in slope of the area is greater than the decrease in 
slope in the fourth and fifth processes described above. There 
fore, in the sixth process described above, the capacitance 
change amount AC between the fixed electrode 32 and the 
movable electrode 34 decreases by a greater slope compared 
to the slope of the fourth and fifth processes described above. 

Furthermore, in the process (seventh process) from when 
the movable electrode 34 is driven/displaced from the posi 
tion of x<-A0 to the position of x=-A0, in the fixed electrode 
32 facing the movable electrode 34, the leading end part 
202-2 among the electrode fingers 202 contributes to the 
increase in the facing area of the fixed electrode 32 and the 
movable electrode 34. In this case, the height Tm in the Z-axis 
direction where the electrode finger 202 of the fixed electrode 
32 and the electrode finger 52 of the movable electrode 34 
face each other in the Y-axis direction is a relatively large 
constant value, and the area where the fixed electrode 32 and 
the movable electrode 34 face each other with a gap d0 ther 
ebetween, increases proportionally according to the displace 
ment of the movable electrode 34. Therefore, in the seventh 
processes described above, the capacitance change amount 
AC between the fixed electrode 32 and the movable electrode 
34 increases by the same slope as that of the sixth process 
described above. 

Furthermore, in the process (eighth process) from when the 
movable electrode 34 is driven/displaced from the position of 
x=-A0 to the position of x=0, in the fixed electrode 32 facing 
the movable electrode 34, the middle part 202-3 among the 
electrode fingers 202 contributes to the increase in the facing 
area of the fixed electrode 32 and the movable electrode 34. In 
this case, the height Tm in the Z-axis direction where the 
electrode finger 202 of the fixed electrode 32 and the elec 
trode finger 52 of the movable electrode 34 face each other in 
the Y-axis direction is a relatively small constant value, and 
the area where the fixed electrode 32 and the movable elec 
trode 34 face each other with a gap d0 therebetween, increases 
proportionally according to the displacement of the movable 
electrode 34, and also the increase in slope of the area is 
Smaller than the increase in slope in the seventh process 
described above. Therefore, in the eighth process described 
above, the capacitance change amount AC between the fixed 
electrode 32 and the movable electrode 34 increases by a 
Smaller slope compared to the slope in the seventh process 
described above. 
As described above, the structure of the displacement 

amount monitoring electrode 200 also has features that when 
the drive displacement amount X of the movable electrode 34 
is between the target displacement amounts -A0 and A0, the 
change sensitivity of the capacitance change amount AC 
between the fixed electrode 32 and the movable electrode 34 
with respect to the drive displacement amount X of the mov 
able electrode 34 in the X-axis direction is relatively small, 
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while when the drive displacement amount X of the movable 
electrode 34 satisfies x<-A0 or x>A0, the change sensitivity 
is relatively large. 

That is to say, the structure of the displacement amount 
monitoring electrode 200 has features that the change sensi 
tivity of the capacitance change amount AC described above 
becomes higher after the drive displacement of the movable 
electrode 34 reaches the target displacement amount A0 com 
pared to that before the drive displacement of the movable 
electrode 34 reaches the target displacement amount A0, and 
the change sensitivity becomes higher after the drive dis 
placement of the movable electrode 34 reaches the target 
displacement amount -A0 compared to that before the drive 
displacement of the movable electrode 34 reaches the target 
displacement amount -A0. Specifically, the fixed electrode 
32 and the movable electrode 34 (particularly, the fixed elec 
trode 32) are formed, such that the height Tm in the Z-axis 
direction where the electrode fingers 202, 52 face each other 
in the Y-axis direction (particularly, the height in the Z-axis 
direction where the leading end of the electrode finger 52 
faces the electrode finger 202) becomes higher after the drive 
displacement of the movable electrode 34 reaches the target 
displacement amount A0 compared to that before the drive 
displacement of the movable electrode 34 reaches the target 
displacement amount A0, and the change sensitivity becomes 
higher after the drive displacement of the movable electrode 
34 reaches the target displacement amount -A0 compared to 
that before the drive displacement of the movable electrode 
34 reaches the target displacement amount -A0. 

Therefore, also in the structure of the displacement amount 
monitoring electrode 200, the change sensitivity of the 
capacitance change amount AC between the fixed electrode 
32 and the movable electrode 34 with respect to the drive 
displacement amount X of the movable electrode 34 after the 
movable electrode 34 is driven/displaced to the target dis 
placement amounts A0, -A0, is higher compared to that when 
the movable electrode 34 is positioned between the target 
displacement amounts -A0 and A0. Therefore, also in the 
structure of the displacement amount monitoring electrode 
200 according to the present embodiment, the same effects as 
those of the structure of the displacement amount monitoring 
electrode 10, 100 according to the first embodiment and the 
second embodiment can be achieved. 

Furthermore, in the structure of the displacement amount 
monitoring electrode 200, unlike the structure of the displace 
ment amount monitoring electrode 10, 100 according to the 
first embodiment and the second embodiment, the electrode 
finger 202 of the fixed electrode 32 and the electrode finger 52 
of the movable electrode 34 each has a width in the Y-axis 
direction that does not change from the leading end to the 
connection part with the base part 40, 50. Therefore, the gap 
where the electrode finger 202 of the fixed electrode 32 and 
the electrode finger 52 of the movable electrode 34 face each 
other in the Y-axis direction, the gap where the electrode 
fingers 202 of the fixed electrode 32 are adjacent to each other 
in the Y-axis direction, and the gap where the electrode fingers 
52 of the movable electrode 34 are adjacent to each other in 
the Y-axis direction, can have a minimum length and can beat 
equal intervals, and therefore the configuration can be sim 
plified and made compact compared to a structure having 
unequal gaps, and the area occupied by the displacement 
amount monitoring electrode 200 on the semiconductor sub 
strate 14 can be prevented from increasing. 

Incidentally, in the third embodiment described above, the 
height Tm in the Z-axis direction where the electrode fingers 
202, 52 of the fixed electrode 32 and the movable electrode 34 
face each other in the Y-axis direction (particularly, the height 
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in the Z-axis direction where the leading end of the electrode 
finger 52 faces the electrode finger 202) is made smaller after 
the drive displacement of the movable electrode 34 reaches 
the target displacement amount A0 compared to that before 
the drive displacement of the movable electrode 34 reaches 
the target displacement amount A0. In this respect, the elec 
trode fingers 52 of the movable electrode 34 is made to have 
the same cross-sectional area from the connection part with 
the base part 50 to the leading end, and the electrode finger 
202 of the fixed electrode 32 has a cross-sectional area that 
changes from the connection part with the base part 40 to the 
leading end. However, the present invention is not so limited. 
The electrode fingers of the fixed electrode 32 and the elec 
trode fingers of the movable electrode 34 may respectively 
have a cross-sectional area that changes from the connection 
part with the base part to the leading end. 

For example, as illustrated in FIG. 18A, FIG. 18B, and 
FIG. 18C, each electrode finger 220 of the fixed electrode 32 
may be constituted by a root part 220-1 near the connection 
part with the base part 40 where the cross-sectional area is 
relatively large, a leading end part 220-2 near the leading end 
where the cross-sectional area is relatively large, and a middle 
part 220-3 where the cross-sectional area is relatively small; 
and each electrode finger 222 of the movable electrode 34 
may be constituted by a root part 222-1 near the connection 
part with the base part 50 where the cross-sectional area is 
relatively large, a leading end part 222-2 near the leading end 
where the cross-sectional area is relatively large, and a middle 
part 222-3 where the cross-sectional area is relatively small. 
In the structure of this modification example, the change 
sensitivity of the capacitance change amount AC between the 
fixed electrode 32 and the movable electrode 34 becomes 
even higher after the drive displacement of the movable elec 
trode 34 reaches the target displacement amount A0, -A0 
compared to that before the drive displacement of the mov 
able electrode 34 reaches the target displacement amount A0, 
-A0, and therefore the effects can be made even more sig 
nificant compared to that of the third embodiment described 
above. 

Furthermore, as illustrated in FIG. 19A, FIG. 19B, and 
FIG. 19C, each electrode finger 230 of the fixed electrode 32 
may be constituted by a root part 230-1 near the connection 
part with the base part 40 where the cross-sectional area is 
relatively large, and a foundation part 230-2 where the cross 
sectional area is relatively small; and each electrode finger 
232 of the movable electrode 34 may be constituted by a root 
part 232-1 near the connection part with the base part 50 
where the cross-sectional area is relatively large, a leading 
end part 232-2 near the leading end where the cross-sectional 
area is relatively large, and a middle part 232-3 where the 
cross-sectional area is relatively small. In the structure of this 
modification example, the change sensitivity of the capaci 
tance change amount AC between the fixed electrode 32 and 
the movable electrode 34 becomes even higher after the drive 
displacement of the movable electrode 34 reaches the target 
displacement amount A0 compared to that before the drive 
displacement of the movable electrode 34 reaches the target 
displacement amount A0, and therefore the effects can be 
made even more significant compared to that of the third 
embodiment described above. 

Furthermore, as illustrated in FIG. 20A, FIG. 20B, and 
FIG.20C, each electrode finger 240 of the fixed electrode 32 
may be constituted by a root part 240-1 near the connection 
part with the base part 40 where the cross-sectional area is 
relatively large, and a foundation part 240-2 where the cross 
sectional area is relatively small; and each electrode finger 
242 of the movable electrode 34 may be constituted by a 
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foundation part 242-1 where the cross-sectional area is rela 
tively small and a leading end part 242-2 near the connection 
part with the base part 50 where the cross-sectional area is 
relatively large. In the structure of this modification example, 
the change sensitivity of the capacitance change amount AC 
between the fixed electrode 32 and the movable electrode 34 
becomes even higher after the drive displacement of the mov 
able electrode 34 reaches the target displacement amount A0 
compared to that before the drive displacement of the mov 
able electrode 34 reaches the target displacement amount A0, 
and therefore the effects can be made even more significant 
compared to that of the third embodiment described above. 

Furthermore, in the structures of the modification 
examples illustrated in FIGS. 18 through 20 described above, 
as the entire configuration of the displacement amount moni 
toring electrode 200, the gap where the electrode finger of the 
fixed electrode 32 and the electrode finger of the movable 
electrode 34 face each other in the Y-axis direction, the gap 
where the electrode fingers of the fixed electrode 32 are 
adjacent to each other in the Y-axis direction, and the gap 
where the electrode fingers of the movable electrode 34 are 
adjacent to each other in the Y-axis direction, can have a 
minimum length and can beat edual intervals (for example, as 
illustrated in FIG. 21, e-e'-e"=e" can be satisfied), and there 
fore the configuration can be simplified and made compact 
compared to a structure having unequal gaps, and the area 
occupied by the displacement amount monitoring electrode 
200 on the semiconductor substrate 14 can be prevented from 
increasing. 
Fourth Embodiment 
FIG.22A is a top view of a displacement amount monitor 

ing electrode 300 according to a fourth embodiment of the 
present invention. FIG. 22B is a cross-sectional view cut 
along V-V of the displacement amount monitoring electrode 
300 illustrated in FIG. 22A. Note that in FIG. 22A and FIG. 
22B, the same elements as those of the configuration illus 
trated in FIG. 2 described above are denoted by the same 
reference numerals and descriptions thereof are omitted or 
simplified. Furthermore, FIG. 23 illustrates operation proce 
dures in the displacement amount monitoring electrode 300 
according to the present embodiment. 
The displacement amount monitoring electrode 300 

according to the present embodiment includes the fixed elec 
trode 32 and the movable electrode 34. The fixed electrode 32 
is formed to have a comb-teeth shape, and includes electrode 
fingers 302 extending from the base part 40 in an X-axis 
direction parallel to the semiconductor substrate 14. There are 
a plurality of electrode fingers 302 arranged at equal intervals 
in a Y-axis direction parallel with each other, with respect to a 
single base part 40. The electrode fingers 302 have the same 
shape. Each of the electrode fingers 302 has a square cross 
sectional shape, and has the same cross-sectional area from 
the connection part with the base part 40 to the leading end 
(the same width in the Y-axis direction and the same thickness 
in the Z-axis direction). Furthermore a thickness (i.e., the 
height at a part where the side wall of the electrode fingers 302 
and the side wall of the electrode fingers 52 face each other in 
the Z-axis direction) Tm at a part where the electrode fingers 
302 and the electrode fingers 52 of the movable electrode 34 
overlap in the thickness direction, i.e., the Z-axis direction, is 
COnStant. 

At the electrode fingers 302 of the fixed electrode 32, at the 
surface of the part near the connection part with the base part 
40 and the part near the leading end, dielectric materials 304, 
306 are disposed. The dielectric materials 304,306 are dis 
posed on both of the side faces of the electrode finger 302 
facing the electrode fingers 52 of the movable electrode 34 in 
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the Y-axis direction. The dielectric materials 304, 306 are 
constituted by a material having high insulation properties or 
a material having a low Young's modulus or having Viscosity, 
which is different from the material of the main body of the 
electrode finger 302. The dielectric materials 304,306 have a 
relative permittivity that is higher than the relative permittiv 
ity of air “1”, and have a predetermined thickness d the 
Y-axis direction on the surface of the electrode finger 302. 

Note that the dielectric materials 304,306 may be manu 
factured by using an organic material Such as, for example, a 
SiO2 film (oxide insulating film) that can be easily deposited 
by thermally oxidizing silicon, or a resist material. Further 
more, in the following, in the electrode finger 302, the part 
near the connection part with the base part 40 where the 
dielectric material 304 is provided is referred to as a root part 
302-1, the part near the leading end where the dielectric 
material 306 is provided is referred to as a leading end part 
302-2, and the part in the middle of the root part 302-1 and the 
leading end part 302-2 is referred to as a middle part 302-3. 
The fixed electrode 32 and the movable electrode 34 are 

disposed such that the base parts 40, 50 face each other in the 
X-axis direction and the electrode fingers 302 and the elec 
trode fingers 52 face each other and are meshed together in the 
Y-axis direction. Specifically, the electrode fingers 52 of the 
movable electrode 34 are disposed so as to enter the center 
position between two electrode fingers 302 adjacent to each 
other in the Y-axis direction of the fixed electrode 32. 
Between the electrode fingers 52 of the movable electrode 34 
and the electrode fingers 302 of the fixed electrode 32 adja 
cent to each other in the Y-axis direction, a predetermined gap 
do is formed in the Y-axis direction at the middle part 302-3 of 
the electrode finger 302, and a predetermined gap (do-d) is 
formed in the Y-axis direction at the root part 302-1 and the 
leading end part 302-2. 
The electrode fingers 52 of the movable electrode 34 are 

constituted Such that the leading ends are positioned, in the 
X-axis direction, at the center of the middle part 302-3 of the 
electrode finger 302 of the fixed electrode 32, at the oscilla 
tion center (i.e., displacement center of the movable electrode 
34) of the structure bodies 16, 18. Furthermore, the length of 
the middle part 302-3 in the X-axis direction, i.e., the distance 
in the X-axis direction between the root part 302-1 and the 
leading end part 302-2 (the distance of the space between one 
end of the dielectric material 304 and one end of the dielectric 
material 306 in the X-axis direction) is set to be the same as a 
value that is two times a target amplitude (i.e., a target dis 
placement amount from the oscillation center of the leading 
end of the movable electrode 34 corresponding to the target 
amplitude) A0 of the structure bodies 16, 18, or slightly 
smaller than this value. 
Note that a thickness (i.e., the height at apart where the side 

wall of the electrode fingers 302 and the side wall of the 
electrode fingers 52 face each other in the Z-axis direction) 
Tm at a part where the electrode fingers 302 of the fixed 
electrode 32 and the electrode fingers 52 of the movable 
electrode 34 adjacent to each other in the Y-axis direction 
overlap in the thickness direction, i.e., the Z-axis direction, 
may be different from the thickness of the electrode fingers 
302 in the Z-axis direction or the thickness of the electrode 
fingers 52 in the Z-axis direction, or may match these thick 

SSS. 

In the displacement amount monitoring electrode 300 hav 
ing the above structure, in the process (first process) from 
when the movable electrode 34 is driven/displaced from a 
position (x=0) where the drive displacement amount X is zero 
to a position (x=A0) where the drive displacement amount X 
is the target displacement amount A0, in the fixed electrode 32 
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facing the movable electrode 34, the middle part 302-3 among 
the electrode fingers 302 contributes to the increase in the 
facing area of the fixed electrode 32 and the movable elec 
trode 34. Therefore, in the first process described above, the 
dielectric constant between the electrode finger 302 of the 
fixed electrode 32 and the electrode finger 52 of the movable 
electrode 34 in the Y-axis direction, is a constant value (-61) 
based on the dielectric constant in the space between these 
electrode fingers, and therefore, the capacitance change 
amount AC1 between the fixed electrode 32 and the movable 
electrode 34 increases by a constant slope according to the 
above drive displacement amount X as indicated in the fol 
lowing formula (2). Note that the change amount of the facing 
area where the fixed electrode 32 and the movable electrode 
34 face each other is AS. 

AC1=61AS/O (2) 

Furthermore, in the process (second process) from when 
the movable electrode 34 is driven/displaced from a position 
(x=A0) where the drive displacement amount X is the target 
displacement amount A0 further to the x>A0 side, in the fixed 
electrode 32 facing the movable electrode 34, the root part 
302-1 among the electrode fingers 302 contributes to the 
increase in the facing area of the fixed electrode 32 and the 
movable electrode 34. Therefore, in the second process 
described above, the capacitance change amount AC2 
between the fixed electrode 32 and the movable electrode 34 
is based on the capacitance change amount of the dielectric 
material 304 and the capacitance change amount of the space 
between the dielectric material 304 and the electrode finger 
52 of the movable electrode 34 in the Y-axis direction, as 
indicated in the following formula (3), and the capacitance 
change amount AC2 increases by a larger slope compared to 
the slope of the first process described above, according to the 
drive displacement amount X described above. Note that the 
dielectric constant of the space between the electrode finger 
302 of the fixed electrode 32 and the electrode finger 52 of the 
movable electrode 34 is 61, the dielectric constant of the 
dielectric material 304 is 62 (>61), and the change amount of 
the facing area of the fixed electrode 32 and the movable 
electrode 34 is AS. 

Furthermore, in the process (third process) from when the 
movable electrode 34 is driven/displaced from the position of 
X>A0 to the position of x=A0, in the fixed electrode 32 facing 
the movable electrode 34, the root part 302-1 among the 
electrode fingers 302 contributes to the decrease in the facing 
area of the fixed electrode 32 and the movable electrode 34. 
Therefore, in the third process described above, the capaci 
tance change amount AC between the fixed electrode 32 and 
the movable electrode 34 decreases by the same slope as the 
slope of the second process described above, according to the 
drive displacement amount X described above. 

Furthermore, in the process (fourth process) from when the 
movable electrode 34 is driven/displaced from the position of 
x=A0 to the position of x=0, and in the process (fifth process) 
from when the movable electrode 34 is driven/displaced from 
the position of X=0 to the position of x=-A0, in the fixed 
electrode 32 facing the movable electrode 34, the middle part 
302-3 among the electrode fingers 302 contributes to the 
decrease in the facing area of the fixed electrode 32 and the 
movable electrode 34. Therefore, in the fourth and fifth pro 
cesses described above, the capacitance change amount AC 
between the fixed electrode 32 and the movable electrode 34 
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decreases by a smaller slope compared to the slope of the third 
process described above, according to the drive displacement 
amount X described above. 

Furthermore, in the process (sixth process) from when the 
movable electrode 34 is driven/displaced from a position 
(x=-A0) where the drive displacement amount x is the target 
displacement amount -A0 further to the x<-A0 side, in the 
fixed electrode 32 facing the movable electrode 34, the lead 
ing end part 302-2 among the electrode fingers 302 contrib 
utes to the decrease in the facing area of the fixed electrode 32 
and the movable electrode 34. Therefore, in the sixth process 
described above, the capacitance change amount AC between 
the fixed electrode 32 and the movable electrode 34 is based 
on the capacitance change amount of the dielectric material 
306, and the capacitance change amount of the space between 
the dielectric material 306 and the electrode finger 52 of the 
movable electrode 34, and decreases by a larger slope com 
pared to the slope of the fourth and fifth processes described 
above, according to the drive displacement amount X 
described above. 

Furthermore, in the process (seventh process) from when 
the movable electrode 34 is driven/displaced from the posi 
tion of x<-A0 to the position of x=-A0, in the fixed electrode 
32 facing the movable electrode 34, the leading end part 
302-2 among the electrode fingers 302 contributes to the 
increase in the facing area of the fixed electrode 32 and the 
movable electrode 34. Therefore, in the seventh process 
described above, the capacitance change amount AC between 
the fixed electrode 32 and the movable electrode 34 increases 
by the same slope as the slope of the sixth process described 
above, according to the drive displacement amount X 
described above. 

Furthermore, in the process (eighth process) from when the 
movable electrode 34 is driven/displaced from the position of 
x=-A0 to the position of x=0, in the fixed electrode 32 facing 
the movable electrode 34, the middle part 302-3 among the 
electrode fingers 302 contributes to the increase in the facing 
area of the fixed electrode 32 and the movable electrode 34. 
Therefore, in the eighth process described above, the capaci 
tance change amount AC between the fixed electrode 32 and 
the movable electrode 34 increases by a smaller slope com 
pared to the slope of the seventh process described above, 
according to the drive displacement amount X described 
above. 
As described above, the structure of the displacement 

amount monitoring electrode 300 also has features that when 
the drive displacement amount X of the movable electrode 34 
is between the target displacement amounts -A0 and A0, the 
change sensitivity of the capacitance change amount AC 
between the fixed electrode 32 and the movable electrode 34 
with respect to the drive displacement amount X of the mov 
able electrode 34 in the X-axis direction is relatively small, 
while when the drive displacement amount x of the movable 
electrode 34 satisfies x<-A0 or x>A0, the change sensitivity 
is relatively large. 

That is to say, the structure of the displacement amount 
monitoring electrode 300 has features that the change sensi 
tivity of the capacitance change amount AC described above 
becomes higher after the drive displacement of the movable 
electrode 34 reaches the target displacement amount A0 com 
pared to that before the drive displacement of the movable 
electrode 34 reaches the target displacement amount A0, and 
the change sensitivity becomes higher after the drive dis 
placement of the movable electrode 34 reaches the target 
displacement amount -A0 compared to that before the drive 
displacement of the movable electrode 34 reaches the target 
displacement amount -A0. Specifically, the fixed electrode 
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32 and the movable electrode 34 (particularly, the fixed elec 
trode 32) includes electronic fingers having the dielectric 
materials 304,306 provided near the leading end and near the 
connection part with the base part so that the change sensi 
tivity of the capacitance change amount AC described above 
has the properties described above. 

Therefore, also in the structure of the displacement amount 
monitoring electrode 300, the change sensitivity of the 
capacitance change amount AC between the fixed electrode 
32 and the movable electrode 34 with respect to the drive 
displacement amount X of the movable electrode 34 after the 
movable electrode 34 is driven/displaced to the target dis 
placement amount A0, -A0, is higher compared to that when 
the movable electrode 34 is positioned between the target 
displacement amounts -A0 and A0. Therefore, also in the 
structure of the displacement amount monitoring electrode 
300 according to the present embodiment, the same effects as 
those of the structure of the displacement amount monitoring 
electrode 10, 100, 200 according to the first through third 
embodiments can be achieved. 

Furthermore, in the displacement amount monitoring elec 
trode 300, when the dielectric materials 304,306 are consti 
tuted by a material having high insulation properties, in the 
process where the structure bodies 16, 18 oscillate in the 
X-axis direction, even if the movable electrode 34 collides 
with the fixed electrode 32 due to factors such as manufac 
turing variations, control variations, and excessive stress 
applied from outside, conduction between the electrodes 32, 
34 is prevented by the presence of the dielectric materials 304, 
306; therefore, the change in the capacitance between the 
fixed electrode 32 and the movable electrode 34 can be pre 
cisely detected, and erroneous operations can be prevented in 
exciting the structure bodies 16, 18 toward the semiconductor 
substrate 14 in the X-axis direction. 

Furthermore, in the displacement amount monitoring elec 
trode 300, when the dielectric materials 304,306 are consti 
tuted by a material having a low Young's modulus or having 
viscosity, even if the movable electrode 34 collides with the 
fixed electrode 32 due to factors such as manufacturing varia 
tions, control variations, and excessive stress applied from 
outside, the impact applied to the electrodes 32, 34 is 
absorbed by the presence of the dielectric materials 304,306; 
therefore, the fixed electrode 32 and the movable electrode 34 
are prevented from breaking. 

Incidentally, in the fourth embodiment descried above, the 
dielectric materials 304,306 are only provided on the elec 
trode fingers 302 of the fixed electrode 32; however, the 
present invention is not so limited, and dielectric materials 
may also be provided on the electrode fingers of the movable 
electrode 34. 

For example, as illustrated in FIG. 24, in both electrode 
fingers 320, 322 of the fixed electrode 32 and the movable 
electrode 34, dielectric materials 324, 326,328,330 may be 
provided near the connection part with the base part 40, 50 
and at the part near the leading end. In the structure of this 
modification example, the change sensitivity of the capaci 
tance change amount AC between the fixed electrode 32 and 
the movable electrode 34 becomes even higher after the drive 
displacement of the movable electrode 34 reaches the target 
displacement amount A0, -A0 compared to the change sen 
sitivity before the drive displacement of the movable elec 
trode 34 reaches the target displacement amount A0, -A0. 
and therefore the effects can be made even more significant 
compared to that of the fourth embodiment described above. 

Furthermore, as illustrated in FIG. 25, on an electrode 
finger 340 of the fixed electrode 32, a dielectric material 342 
may be provided only at the part near the connection part with 
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the base part 40, and on an electrode finger 344 of the movable 
electrode 34, dielectric materials 346, 348 may be provided 
near the connection part with the base part 50 and at a part 
near the leading end. In the structure of this modification 
example, the change sensitivity of the capacitance change 
amount AC between the fixed electrode 32 and the movable 
electrode 34 becomes even higher after the drive displace 
ment of the movable electrode 34 reaches the target displace 
ment amount A0, -A0 compared to the change sensitivity 
before the drive displacement of the movable electrode 34 
reaches the target displacement amount A0, -A0, and there 
fore the effects can be made even more significant compared 
to that of the fourth embodiment described above. 

Furthermore, as illustrated in FIG. 26, on an electrode 
finger 360 of the fixed electrode 32, a dielectric material 362 
may be provided only at the part near the connection part with 
the base part 40, and on an electrode finger 364 of the movable 
electrode 34, a dielectric material 366 may be provided only 
at the part near the leading end. In the structure of this modi 
fication example, the change sensitivity of the capacitance 
change amount AC between the fixed electrode 32 and the 
movable electrode 34 becomes even higher after the drive 
displacement of the movable electrode 34 reaches the target 
displacement amount A0 compared to the change sensitivity 
before the drive displacement of the movable electrode 34 
reaches the target displacement amount A0, and therefore the 
effects can be made even more significant compared to that of 
the fourth embodiment described above. 

Furthermore, also in the structures of the modification 
examples illustrated in FIGS. 24 through 26 described above, 
as illustrated in FIG. 27, according to the presence of the 
dielectric material provided on the fixed electrode 32 and the 
movable electrode 34, conduction between the electrodes 32, 
34 is prevented, and the impact when the electrodes 32, 34 
collide can be absorbed, and therefore the same effects as the 
fourth embodiment described above can be attained. 

Furthermore, in the fourth embodiment described above, 
dielectric materials 304, 306 having a predetermined thick 
ness d1 are provided on the surface of the fixed electrode 32, 
so that the dielectric constant between the electrode finger 
302 of the fixed electrode 32 and the electrode finger 52 of the 
movable electrode 34 is changed, and the change sensitivity 
of the capacitance change amount AC between the fixed elec 
trode 32 and the movable electrode 34 is changed according 
to the drive displacement amount of the movable electrode 
34; however, the present invention is not so limited. 

That is to say, in order to realize the above change sensi 
tivity, the electrode finger 302 of the fixed electrode 32 and 
the electrode finger 52 of the movable electrode 34 may have 
a width in the Y-axis direction that does not change from the 
leading end to the connection part with the base part 40, 50: 
and the dielectric material to be filled in between the surface 
of the electrode finger 302 of the fixed electrode 32 and the 
surface of the electrode finger 52 of the movable electrode 34 
may be changed from the leading end to the connection part 
with the base part 40, 50 so that the dielectric constant 
between the leading end to the connection part is changed. 
For example, the dielectric material to be filled in between the 
surface of the electrode finger 302 of the fixed electrode 32 
and the surface of the electrode finger 52 of the movable 
electrode 34 may be a dielectric material having a relatively 
high dielectric constant at the parts corresponding to the root 
part 302-1 and the leading end part 302-2 of the electrode 
finger 302 of the fixed electrode 32, and meanwhile, the 
dielectric material may have a relatively low dielectric con 
stant at the part corresponding to the middle part 302-3 of the 
electrode finger 302. 
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In this modification example, the dielectric constant 
between the electrode fingers 302, 52 facing each other in the 
Y-axis direction becomes larger after the drive displacement 
of the movable electrode 34 reaches the target displacement 
amount A0 compared to that before the drive displacement of 5 
the movable electrode 34 reaches the target displacement 
amount A0, and the dielectric constant becomes larger after 
the drive displacement of the movable electrode 34 reaches 
the target displacement amount-A0 compared to that before 
the drive displacement of the movable electrode 34 reaches 
the target displacement amount -A0. 

Thus, also in the structure of this modification example, the 
change sensitivity of the capacitance change amount AC 
between the fixed electrode 32 and the movable electrode 34 
with respect to the drive displacement amount X of the mov 
able electrode 34 after the movable electrode 34 is driven/ 
displaced to the target displacement amount A0, -A0. 
becomes higher compared to that when the movable electrode 
34 is positioned between the target displacement amounts 
-A0 and A0, and therefore the same effects as the fourth 
embodiment described above can be achieved. 

Furthermore, in the structure of this modification example, 
unlike the structure of the displacement amount monitoring 
electrode 10, 100, 300 of the first embodiment, the second 
embodiment, and the fourth embodiment described above, 
the electrode finger 302 of the fixed electrode 32 and the 
electrode finger 52 of the movable electrode 34 has a width in 
the Y-axis direction that does not change from the leading end 
to the connection part with the base part 40, 50. Therefore, the 
gap where the electrode finger 302 of the fixed electrode 32 
and the electrode finger 52 of the movable electrode 34 face 
each other in the Y-axis direction, the gap where the electrode 
fingers 302 of the fixed electrode 32 are adjacent to each other 
in the Y-axis direction, and the gap where the electrode fingers 
52 of the movable electrode 34 are adjacent to each other in 
the Y-axis direction, can have a minimum length and can beat 
equal intervals, and therefore the configuration can be sim 
plified and made compact compared to a structure having 
unequal gaps, and the area occupied by the displacement 
amount monitoring electrode 300 on the semiconductor sub 
strate 14 can be prevented from increasing. 

Furthermore, in the first through fourth embodiments 
described above, the displacement amount monitoring elec 
trode 10, 100, 200, 300 is installed in an angular speed sensor 
12 for detecting the angular speed; however, the present 
invention is not so limited, and the displacement amount 
monitoring electrode may be installed in other sensors as long 
as they are for monitoring the drive displacement amount of a 
structural body. 
Description of Reference Symbols 
10, 28-1, 28-2, 30-1, 30-2, 100, 200, 300 displacement 
amount monitoring electrode 

14 semiconductor Substrate 
16, 18 structure body 
32 fixed electrode 
34 movable electrode 
40, 50 base part 
42, 52, 80, 90, 102, 120, 122, 130, 132, 140, 142, 202, 220, 

222, 230, 232,240, 242,302,320,322,340,344,360,364 
electrode finger 

304,306,324-330,342,346,348,362,366 dielectric material 
The invention claimed is: 
1. A displacement amount monitoring electrode structure 

comprising a fixed electrode and a movable electrode each 
having a comb-teeth shape including a base part and electrode 
fingers extending from the base part in a predetermined axis 
direction parallel to a substrate, the fixed electrode and the 
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34 
movable electrode facing each other such that the electrode 
fingers of the fixed electrode and the electrode fingers of the 
movable electrode are meshed together, the fixed electrode 
being fixed to the substrate and the movable electrode being 
able to be displaced in the predetermined axis direction, 
wherein the displacement amount monitoring electrodestruc 
ture monitors a displacement amount of a detection mass to be 
driven at a target amplitude based on a change amount of a 
capacitance between the fixed electrode and the movable 
electrode, wherein 

a change sensitivity of the change amount of the capaci 
tance with respect to a displacement amount of the mov 
able electrode in the predetermined axis direction, has a 
characteristic of increasing after the displacement of the 
movable electrode in the predetermined axis direction 
reaches a target displacement amount corresponding to 
the target amplitude, compared to before the displace 
ment of the movable electrode reaches the target dis 
placement amount, and 

the change sensitivity of the change amount of the capaci 
tance with respect to the displacement amount of the 
movable electrode from a neutral position in one way of 
the predetermined axis direction, and the change sensi 
tivity of the change amount of the capacitance with 
respect to the displacement amount of the movable elec 
trode from the neutral position in another way of the 
predetermined axis direction, both have the characteris 
tic. 

2. The displacement amount monitoring electrode struc 
ture according to claim 1, wherein 

at least one of the fixed electrode and the movable electrode 
is formed such that a change sensitivity of a total area of 
areas where the electrode fingers of the fixed electrode 
and the electrode fingers of the movable electrode face 
each other at a predetermined distance, becomes larger 
after the displacement of the movable electrode in the 
predetermined axis direction reaches the target displace 
ment amount compared to before the displacement of 
the movable electrode reaches the target displacement 
amount. 

3. The displacement amount monitoring electrode struc 
ture according to claim 2, wherein 

the fixed electrode and the movable electrode are formed 
such that a number of parts where the electrode fingers of 
the fixed electrode and the electrode fingers of the mov 
able electrode face each other at a predetermined dis 
tance, increases after the displacement of the movable 
electrode in the predetermined axis direction reaches the 
target displacement amount compared to before the dis 
placement of the movable electrode reaches the target 
displacement amount. 

4. The displacement amount monitoring electrode struc 
ture according to claim 2, wherein 

at least one of the fixed electrode and the movable electrode 
is formed Such that a length, in a direction perpendicular 
to the substrate, of areas where the electrode fingers of 
the fixed electrode and the electrode fingers of the mov 
able electrode face each other at a predetermined dis 
tance, becomes longer after the displacement of the 
movable electrode in the predetermined axis direction 
reaches the target displacement amount compared to 
before the displacement of the movable electrode 
reaches the target displacement amount. 

5. The displacement amount monitoring electrode struc 
ture according to claim 1, wherein 

at least one of the fixed electrode and the movable electrode 
is formed Such that a gap where the electrode fingers of 
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the fixed electrode and the electrode fingers of the mov 
able electrode face each other, becomes Smaller after the 
displacement of the movable electrode in the predeter 
mined axis direction reaches the target displacement 
amount compared to before the displacement of the 
movable electrode reaches the target displacement 
amount. 

6. The displacement amount monitoring electrode struc 
ture according to claim 1, wherein 

at least one of the fixed electrode and the movable electrode 
is formed such that a dielectric constant between the 
electrode fingers of the fixed electrode and the electrode 
fingers of the movable electrode facing each other at a 
predetermined distance, becomes larger after the dis 
placement of the movable electrode in the predeter 
mined axis direction reaches the target displacement 
amount compared to before the displacement of the 
movable electrode reaches the target displacement 
amount. 
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